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Foundation Facts 


H. H. SCHRENK, Ph.D., Pittsburgh 


It is indeed a pleasure to welcome you 
to the 23d Annual Meeting of the Industrial 
Hygiene Foundation. We hope that the 
program provides useful information which 
will be helpful to you in raising the stand- 
ards of health and welfare of workers and 
consumers alike. 

During the past year, the Foundation has 
conducted a number of field studies which 
were about equally divided between outside 
air-pollution and in-plant) surveys. Two 
major studies, in progress but which will 
be completed before the end of the vear, 
are concerned with the magnitude of air 
pollution problems. One relates” primarily 
to dust and the other to odors. A third air 
pollution survey has been under way for 
many years. In-plant investigations have 
dealt mainly with evaluation of exposure 
and control of dust in pottery, glass, and 
metallurgical plants. 

Assistance was given to a member com 
pany in the design of new facilities for the 
The 


loundation’s staff also visited a number of 


manufacture of chromium chemicals. 


plants to give technical aid in the develop 
ment of ventilation systems, evaluation of 
air-pollution control programs, and control 
of a dermatitis exposure hazard. 

Three major long-term studies have been 
in progress in the toxicological laboratory. 
Two of these studies have pertained mainly 
to the effects of inhalation of particulate 
materials. The third 
basic investigation of the action of various 


is concerned with a 


Managing Director, Industrial Hygiene Founda 
tion 


dusts on the lungs where there is combina 
tion with living and dead tubercle bacilli. 
The results of these studies have provided 
much information that has been useful in 
developing a more meaningful explanation 
of the retention, action, and elimination of 
particulate matter from the lungs. 
Range-finding acute toxicity studies were 
conducted for several companies and coy 
The 


obtained on these compounds have served as 


ered a number of compounds. data 
a basis for planning 90-day chronic toxicity 
studies. 

Microscopic examinations were made for 
the diagnosis of pathological changes ob 
served in human lung tissues and for the 
evaluation of the reputed industrial expo 
sure to these changes. 

The antifungal properties of a number of 
chemicals were investigated in cooperation 
with other specialists of Mellon Institute. 

The 


information in 


Foundation continued to provide 


response to numerous in 
quiries regarding the toxicity of many ma 
terials, analytical procedures, and industrial 
hygiene and air-pollution problems. Twelve 
articles were published in technical journals, 
and eight papers have been submitted for 
publication. Chapters dealing with indus 
trial hygiene aspects were written for two 
A.C. S. monographs, one dealing with lead 


A tabular 


summary of the pneumoconioses was pre 


and the other with sulfurie acid. 


pared for the “Handbook of Respiration,” 
issued under the auspices of the National 
Academy of Sciences. 
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During the past year, 1,579 abstracts were 
published in the /ndustrial Hygiene Digest, 
in addition to news items and lists of thresh- 
old limit values for many compounds. 

We sincerely hope that the members of 
the oundation will continue to utilize these 
services and consider the Foundation as a 
supplement to their own technical staffs. 

The Foundation is fortunate in having on 
its Board of Trustees outstanding men 
from many different industries to assist in 
the direction of the Foundation’s activities. 
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The members of the technical committees 
have likewise contributed their valuable time 
and talents in the interest of the Founda- 
tion’s work and of this meeting. 

Again, we wish to express our apprecia- 
to the Staff of Mellon Institute and 
particularly to Dr. William A. 


Adviser to the Foundation, for their interest 


tion 


Hamor, 


and support. 


Industrial Hygiene Foundation, Mellon Institute, 
4400 5th Ave. (13). 
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The American Medieal Association 


Proposed Act for 


Labeling Hazardous Substances 


Legal Implications for Industry 


LAWRENCE A. COLEMAN, A.B., LL.B., J.S.D., New York 


The opportunity to speak before this dis 
tinguished body is a great privilege. The 
work of the Industrial Hygiene Foundation 
has always been of importance to the Amer 
ican industrial community, and its direct and 
indirect influences have long had a wide and 
salutary effect on the industrial life of the 
nation. 


On loundation 


the 
typically enough, confronted another major 
the 


scene: the labeling issue. While the nucleus 


this occasion, has, 


and complex problem on industrial 
of that troublesome question gives off radi 
ations covering a broad spectrum, | would 
draw your attention to only one of its 
emissions, one which | believe to be of a 
My re 


marks are made not as a representative of 


general, far-reaching importance. 


any company or of any segment of industry, 
but im my capacity as a private citizen and 
a lawyer, earnestly concerned with the prob 
lem before you. 

It is commonplace to observe that we are 
living in an Atomic Age. It is surely true 
that the most significant extension of human 
knowledge in our time has been in the phys 
ical sciences, notably in atomic physics. But 
the theme of any age has its major and 
minor keys; it would seem that ours is a 
time which may also come to be known as 
And it is easy to 


see why. Earlier this week | was examining 


the “Toxicological Age.” 


the valuable study of two model labeling 
bills by Dr. Bernard 
September Food, 


(Dr. Conley’s study, | might add, 


miley, in the 


Drug, Cosmetic Law 
Journal 


renders superfluous a detailed examination 


General Counsel, Allied Chemical Corporation 


of the bills here.) It appears that both the 
A. M. A. and C. S. M. A. 


Manufacturers 


(Chemical Spe 


cialties Association) model 


bills deal with the words “toxic” or “poi 
son,” and do so in terms of acute toxicity 
rat studies. [It is upon the toxterty 
and the hazards engendered by that toxicity 
(among other criteria) that labeling require 
ments for chemical substances depend. It 
follows that businessmen dealing in_ these 
substances will have to acquire a fairly good 
knowledge of their toxicity and potential 
hazard in order to draw up labels, and toxi 
cological studies will have become, more 
than ever, an element of doing, business. 

It is not irrelevant to note here that the 
Additive 1958, with 


which many of vou are familiar, has similar 


Amendment. of 


effects. Businessmen engaged in the manu 
facture or use of these substances are now 
called upon by federal law, quite apart from 
their many voluntary efforts, to study the 
The 


course, has been true for some years in the 


toxicity of these products. same, of 


new drug and pesticide helds. 
What we 


recent decades, and with an acvelerated pace 


are seeing, then, is) that im 
in recent years, the science of toxicology 
has come to stand astride a large sector of 
American industry. It has become an essen 
tial, integral consideration of doing busi 


ness. It can be said to have made the 
“TPoxicological Age.” 

The response of businessmen to this chal 
lenge has not been a uniform, consistent 
one. For some, the requirements of the age 
indicated that a fully-equipped toxicology 
within the or 


laboratory be established 


ganization concerned. For others, such an 
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sound 


business 


undertaking for reasons 
seemed extravagant, and research was done 
on a piecemeal basis where the need for 
data was clear. In either event, the response 
is at present principally an individual one, 
determined in each instance by unique busi- 
ness considerations. In some instances a 
single entrepreneurial attitude has been car- 
ried forward and applied to the data yielded 
by the research. While many concerns be- 
lieved that acquired toxicological data may 
be freely and candidly disclosed to compet- 
itors, others regarded the data as instru- 
ments of competitive advantage. A rule of 
And the 
American consuming public, whose interest 


insularity sometimes — prevails. 
in the results of toxicological research is 
the really paramount one, as a consequence, 
is sometimes denied the full benefit of what 
was known. 

It seems to me that the time is ripe for 
a wholesale reexamination of the response 
to be made to this Toxicological Age. One 
can readily understand the traditional, com- 
petitive response in the new drug field, 
where the results of pharmacological inves- 
tigation are directly related to the granting 
of permission to an indizvidual applicant to 
market a new drug product. The application 
procedure is, as a lawyer might say, an in 
personam one, and if successful places the 
individual applicant in a clearly advanta- 
geous competitive position. But in the mat- 
ter of gathering information for purposes of 
describing a toxicity hazard on a label, the 
individualist emphasis may well be con- 
sidered quite misplaced. Since the proposed 
laws would establish standards to be ob- 
served by all industry without provision for 
individual license, it is plain that for com- 
panies whose products are similar the lone 
wolf approach is an ineffective attack upon 
the problem. Parenthetically, the same is 
true in the food additive field, and in a 
variety of legal contexts in which toxicity 
data are called for. 

The reasons are several. In the first place, 
research conducted by a single company can 
prove a highly expensive affair; indeed, 
expense may prevent the decision to under- 
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take research despite a clear need for data, 
and the public may be done a disservice by 
the withholding of a product. Second, re- 
search undertaken by competing companies 
on the same product may wastefully dupli- 
cate the data, or, if differing programs are 
initiated, may yield contradictory data, with 
the result that neither company, if made 
aware of the data of the other by common 
customers, is secure in the knowledge that 
its decision to market or withhold the prod- 
uct is a sound one. Third, individual re- 
search cannot hope to bring to bear upon 
a problem the sum of the collective intelli- 
gence of scientists jointly engaged on the 
same research program. lourth, the oppor- 
tunity for the establishment of reasonably 
uniform research standards is lost in divided 
effort, and the authority of an individual 
conclusion is weakened by its very individ- 
uality. Finally, research singly undertaken 
seems to miss the point that the proper 
labeling of a product is a problem facing 
all industry and demands a_ collective re- 
sponse. Certainly, from a competitive free 
enterprise point of view, little is) gained 
by a divided response. 

It seems clear, then, that industry's re- 
sponse to the Toxicological Age should in- 
volve appropriate cases joint” research 
efforts and free exchange of information. 
Just as efforts within 


voluntary joint 


the Manufacturing Chemists Association 
(M. C. 


labeling guides in the past, just as voluntary 


A.) have produced most helpful 


joint efforts in medical research have been 
undertaken by companies facing common 
industrial hygiene problems, so, | would 
suggest, should the research response to the 
proposed labeling laws be a joint one where 
not totally inappropriate for competitive 
reasons. 

am aware that this proposal is not 
without its difficulties, Within a jointly 
established research program there are al- 
Ways questions of priority allocation: On 
which product shall how much be spent? 
But | have faith that these are problems 
soluble by intelligent men bent on protecting 
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ACT 
the consuming public and making a profit 
on the products they sell. 

Some companies may be troubled by the 
possible application of the antitrust laws to 
joint research; nor in light of the cases and 
interpretations is this troubled feeling un- 
realistic, 

My own view is that a joint research 
effort, the conclusions of which are made 
freely available to the world at large cannot 
result in restraints of trade 
within the contemplation of the Sherman 
Act. A dictum of Justice Reed of the Su 
preme Court is perhaps worth quoting in this 
connection, In a discussion of patent devel- 


unreasonable 


opment by cooperating units of industry he 
said : 


However far advanced over the lone inventor's 
experimentation this method of seeking improve 
ment in the practices of the arts and sciences may 
be, there can be no objection, on the score of 
illegality, either to the mere size of such a group 
or the thoroughness of its research.* 
Despite these assurances, however, | would 
not hesitate to obtain the express approval 
of the federal authorities to any program of 
joint research, even though designed purely 
to protect or improve the public health. 

| would also suggest that renewed atten 
tion be paid to the matter of tax relief for 
research in toxicology. You will recall that 
the launching of Sputnik in 1957 occasioned 
a national surge of interest in science, and 

* United States vs. Line Material Co., 
287, 310 (1947) 


333 


Coleman 


that among the proposals then advanced was 
that research expenditures be regarded as a 
credit against the corporate income tax, and 
that accelerated depreciation for capital out 
lays be permitted. While the promptings of 
Sputnik seem to have diminished, the need 
for these forms of relief in specific applica 
tion to toxicological research has not less- 
the 
additive laws would require, implicitly at 


ened. Since new labeling and food 
least, greater capital and current expendi 
tures by industry for toxicological research, 
to be undertaken in the public interest, a 
reasonable basis for renewal of the con 
tentions of last year is apparent. 

In 1957, Roger Blough, Chairman of the 
Board of U 


need for joint corporate effort in economic 


S. Steel, in pointing out the 


dey elopment said : 
look 


hound to conclude, | believe, that even some of our 


if we at the facts realistically, we are 


biggest corporations are rapidly getting too small 
to do all of the things that are expected of them4 

| think this profound remark has applica 
tion in the field of toxicological research. 
The accelerated rate at which demands are 
being made of industry for toxicity data 
and the great expense which these data en 
tail indicate that the reorganization of our 
research methods tn this field will soon be a 
compelling need, 


61 Broadway 


+ Quoted in How to Comply with the Sherman 
\ct, 1958, 
4x 


Chicago, Commerce Clearing House, 


i= 

7 
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Proposed Act for 


Labeling Hazardous Substances 


An Industry Look at the Proposed Act 


J. T. FUESS, B.S., Rochester, N. Y. 


I feel greatly honored at the invitation to 
join you at this meeting and in this dis 
cussion, At the same time, | feel quite a 
sense of responsibility in speaking for the 
chemical industry, lortunately, the various 
segments of the chemical industry are in 
general agreement on the labeling of haz- 
ardous products and in their reaction to the 
proposed A. M. A. labeling bill. That may 
sound like a broad statement to make, but 
it is borne out by the statements, oral and 
written, presented by representatives of the 
chemical industry at a recent conference on 
this proposal called by the Committee on 
Poxicology of the A, M. A. with industry 
representatives, 

Adequate, uniform, and effective precau 
tionary labeling of hazardous chemicals and 
chemical mixtures has been a project of the 
chemical industry for many years. The an 
cient history of precautionary labeling of 
chemicals includes as the major steps the 
Caustic Poison Act, which is still in effect 
and which covers a few specific compounds, 
and the so-called Surgeon-General’s Agree- 
ments, through which industry agreed to 
label certain compounds and to urge their 
This latter 
procedure was a voluntary one and proved 


customers to use similar labels. 


quite satisfactory for those few compounds 
which were covered and which incidentally 
were the major hazardous chemicals then 
produced in quantity. 

But chemistry progresses. More and more 
new chemicals were produced, So the mod 


Manager, Eastman Organic Chemicals Depart 


Distillation Division of 


Industries 


ment, Products 


Eastman Kodak Company 
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ern history of labeling began, and it was 
industry which accepted its responsibility 
took the The 
Chemists Association, which represents 90 


and lead. Manufacturing 
of the country’s bulk chemical production, 
1943 formed its Labels and 


tionary Information Committee. The pur- 


about Precau- 


pose was to develop program of 
precautionary labeling which would (1) ade 
quately warn the user of the hazards of a 
chemical product likely to be encountered 
in any normally anticipated use; (2) include 
instructions on how to handle 


(3) 


structions in case of accident; (4) provide 


the product 
to avoid injury; furnish first-aid in 
uniformity in such labeling so that the user 
would the 


(5) avoid the serious danger of overlabeling. 


become familiar with hazards; 
By that | mean, using warnings on relatively 
harmless products, or the same warnings on 
products having different degrees of hazard 
so that the effectiveness of the warnings 
would be weakened or lost. 

In 1944 the M.C. A. Manual 1-1, “Warn 
ing Labels,” was published and it is now in 
its fourth (1956) 
vances in chemistry and increased knowledge 


revision reflecting ad 
of hazards. This program, which is entirely 
voluntary, has been widely accepted and fol 
the 


Shortly thereafter other specialized groups 


lowed — by basic chemical industry. 
adapted this plan to their own peculiar situ 
ations. Labeling laws based on these prin 
ciples are now in effect in many states and 
in the Federal Government through the In 
secticide, Rodenticide and lungicide Act. 
Similar bills covering household products are 


presently pending in Congress. The chemi 


i 
ne 
: 
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A, PROPOSED LABELING ACT 


cal industry through its associations has 
worked actively with legislative and regu- 
latory officials in the development of state 
laws and is actively supporting the Con 
gressional bills. 

The proposed A. M. A. Act is based on 
the industry program, but it deviates seri- 
ously in some important respects, and it is 
to these points that | wish to direct my re- 
marks today. 

The first major difference lies in the coy 
erage. The stated purpose of the A. M. A. 
proposed Act is “to regulate the distribution 
and sale of hazardous substances for house 
We 


do not believe that household and commercial 


hold, commercial, and industrial use.” 


products should or can be satisfactorily cov 
ered by a single bill. The methods of sale, 
the methods of use, and the personnel in 
volved differ widely and present quite dif 
ferent problems in labeling. The hazards are 
very often different. Household) products 
are generally sold in small containers for use 
by inexperienced persons, while industrial 
products are usually sold in bulk containers 
for use by a relatiy ely few experienced op 
erators. In household products the primary 
problem is normally ingestion, whereas in 
industry inhalation skin contact are 
more important, Chronic effects are far less 
important in household products than in in 
dustrial uses. 

It would seem logical that one agency 
such as the ood and Drug Administration 
would be concerned with household products 
while another agency would deal with in 
dustrial chemicals. The safety record of 
chemicals in industry is excellent; in fact, 
the accident frequency rate in the chemical 
industry is one of the lowest among in 
dustrial activities. We do not feel that any 
case has been made for the need for legisla 
tion covering the labeling of industrial 
chemicals. 

A major departure from accepted prin 
ciples is the inclusion in the A. M. A. pro 


posal of “strong sensitizer.” The coverage 


thereby is broadened far beyond the limits 


of commonly accepted labeling patterns. We 
have not seen evidence or data which would 


uess 


indicate that chemical products used in the 
household have caused injury to any extent 
In this | 
am excluding drugs and cosmetics which 


because of a sensitized reaction. 


are exempted from the proposed bill since 
they are already regulated by food, drug, 
and cosmetic laws, 

lurther, a “strong sensitizer” is not ade 
quately defined. You who are hygienists are 
far better able to discuss this point. I be 
lieve it is still a very controversial question. 
The proposed definition reads: “The term 
‘strong sensitizer’ means any substance 
which, through an allergic or photodynamic 
process, May cause an inflammatory reaction 
in living tissue on contact in susceptible in 
dividuals. The frequency and severity of 


shall 


whether a sensitizing material offers a sig 


the sensitization reaction determine 
nificant potentiality for causing injury.” 
rom a practical standpoint, what percent 
age must be affected? Certainly it would not 


The A. M. A. 


Commitee on Toxicology in’ its comments 


be uniformly interpreted. 


on the proposed bill states that an incidence 
of 1 in 10,000 would indicate a “strong sen 
That is 'yo9 of 1. 


sitizer.” A recognized 


laboratory ran human patch-test studies 
using the Schwartz technique on 98 sub 
jects. They reported sensitization with lano 
lin at 2 and with cocoa butter at 66, or 
an incidence of 200 and 600 respectively per 
10,000 with these materials which are com 
monly used in ointments and cosmetics. 

To avoid lability under this bill, a manu 
facturer would be required to determine in 
advance of putting his product on the market 
whether it is a “strong sensitizer” under the 
very indefinite first portion of the definition, 
whereas on the basis of the second section 
of this same definition it would be IMposst 
ble to know until the product had been used 
by a large number of people and the fre 
quency and severity were then evaluated. 
This is an attempt to cover a property which 
in our Opinion cannot be determined in ad 
vance and thereby to make a manufacturer 
liable for something that cannot be fore 
seen. It could result only overlabeling. 
It is our feeling that the terms “corrosive” 
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and “irritant” cover the range of products 
which will cause damage to tissue through 
contact. 


The definition of “corrosive” includes any 
product which will cause destruction of tis- 
sue by chemical action, This likewise would 
result in overlabeling as there is no limita- 
the We feel that a 
definition requiring “substantial” destruc- 


tion on destruction. 


tion as now included in other laws is much 
preferable. This is, of course, also indefinite, 
but it would eliminate those mild materials 
that will not cause serious injury. 

Another point along this same line is the 
definition of a “toxic substance.” It is our 
experience that it is impossible by a_ rigid 
numerical classification to distinguish be- 
tween substances which will injure and those 
which will not under reasonably anticipated 
handling. We consider the tests under this 
paragraph unrealistic and inconsistent. Ac- 
tually, this definition is not as broad as that 
proposed in pending Federal Bills. It would 
exempt products of known hazard. We pre- 
fer the stronger definition in the lederal 
proposals. 

While still among the definitions we note 
that “flammable” applies to any “substance” 
having a flash point below 80 T° as deter 
mined by the Taghabue Open Cup Tester. 
Only liquids are tested in this way. There 
is no single practical method for similarly 
testing solids. lurther, it includes as “ex 
tremely flammable” those flashing below 20 
I’ “in the presence of air, oxygen or other 
This 


duces a new, and we feel unrealistic, con 


suitable oxidizing substance.” intro- 
cept differing from all current definitions by 
which a manufacturer is bound. Where, un 
der normal conditions, and especially inthe 
household would one find high concentra- 
tions of oxygen, for example? 

A rather radical proposal in the A. M.A. 
bill is the the the 
word “poison.” While this word has been 


elimination of use of 
misused, it is still one of the most meaning- 
ful words to the average person. To sub 
stitute on household products one of three 
signal words would destroy many years 
of education through which the significance 
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whole 


of this word has been built up. 
new the 
ing of the signal words would be necessary. 

The M. C, A. and the Chemical Special- 
(C. S. M. 
A.) in their labeling programs recommend 


program of education on mean- 


ties Manufacturers Association 


the use of the word “poison” in addition to 
the signal words on those products which 
meet an accepted definition, Such a defini- 
tion is included in the M. C. A. Manual, and 
in the C. S. M. A. Model Bill. 
fined in the ICC Regulations and in Inter- 
pretation 18 of the 
lungicide and Rodenticide Act, as well as in 


It is de- 


Federal Insecticide, 
three pending Iederal hazardous products 
bills and in some state bills. These detini- 
tions are based on animal tests which enable 
the manufacturer to determine the proper 
ties of his product in advance, but in all 
cases human data take precedence. lor the 
sake of uniformity and for the protection of 
the public, we believe that the use of the 
word “poison” should be continued in all 
legislation and regulations. 


The A. M. A. proposed bill bases the 
selection of a signal word on a mathematical 
system and determines the correct) word 


primarily on the basis of acute lethal dose 
by mouth, skin or other body surface. This 
bill is intended to cover all types of hazards, 
and any labeling should be based on the 
total hazard of the product rather than on 
one property only. 

There are some points in’ this mathe 
matical procedure that are difficult) to in 
the 
“danger” is used for a product which is 


terpret. For example, signal word 
highly corrosive, and yet highly corrosive ts 
not defined. Both highly corrosive and ex- 
tremely flammable require the signal word 
“danger” but nothing is indicated for cor- 
rosive or flammable. The bill further pro- 
vides that the signal word “caution” may 
be required on products having a_ lethal 
dose greater than 5 gm. per kilogram. Ac- 
cording to the definition, a hazardous sub- 
stance to be covered by the bill is one which 
is toxic, and “toxic” is defined as applying 
to products having an L. D.59 of 5 gm. per 
kilogram or Jess. This requirement there- 
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fore goes beyond the limits of the bill and 
would result in serious overlabeling. 

It would be an ideal situation for the pro- 
ducer, for the legislator, and for the ad- 
minmistrator, if labeling could be reduced to 
a science, establishing rigid limits numer- 
ically. But labeling is still an art, requiring 


judgment. | believe that any group here, 


with the necessary data before them could 
It is not a diffi 
cult’ procedure, but it does require judg 


write an acceptable label. 


ment. 

In our own labeling work in the M. C. A. 
we have found numerous cases where toxi 
cologists and hygienists have recommended 


on the basis of total hazard a stronger sig 


uess 


nal word than would be required by this 
proposal, 

The chemical industry is in favor of the 
labeling of hazardous chemical products and 
has taken the lead in this field. It is most 
important that any legislation be uniform 
throughout the country. As is obvious from 
my remarks, there are points in the A. M. A. 
proposal which we oppose. However, we feel 
that these differences can be resolved and 
that by among the 
groups, including the A. M. A., a satisfac 


cooperation various 
tory bill can be prepared, which can then be 
presented to legislators not as an A. M. A. 
bill, a C. S. M. A. bill, or an M. C. A. bill, 
but as a proposal which all can support. 


kastman Kodak Company (3) 
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The Human as an Engineering Component 


FRANKLIN V. TAYLOR, Washington, D. C. 


Human engineering is a new name for 
an old art. Engineers have been designing 
machines for human use since the start of 
civilization, and in doing this they have had 
to look closely at the man. In 
stances, only his physical structure and 


some 1n- 


kinetic properties had to be considered, as 
was the case in the design of the screw 
driver, the ax, and the handsaw. But often 
more subtle physiological and psychological 
properties had to be taken into account, as, 
for example, in the design of the automobile 
and the airplane. In these cases, the engi- 
neer was required to consider not only how 
much force a man could apply and the way 
he applied it, but also how quickly he could 
sense changes in energy and how rapidly 
and consistently he could respond to them. 

Our telephones, radios, radars, television 
sets, transport vehicles, and industrial ma 
chines are actually all as much products of 
human engineering as they are developments 
of mechanical, electrical, or electronic en 
gineering. And in the vast majority of cases, 
the human engineering has been done, and 
done well, by the engineers themselves with 
out the help of psychologists or other bio 
logical scientists. 

However, during the Second World War 
physiologists and psychologists began to con 
cern themselves with the design of machines, 
and their interest has rapidly grown to such 
a degree that it has now culminated in the 
start of a new interdisciplinary science, 
called variously biomechanics, engineering 
psychology, human engineering, or human 
factors engineering. The aim of this up- 
start science is to do formally that which the 
older varieties of engineering did infor- 
mally, namely, to design machines to fit the 


man. 
U.S. Naval Research Laboratory 
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The need for this new discipline arose, 
not from any lack of e« mypetence on the part 
of the members of the engineering profes- 
sion, but actually because, in a sense, their 
competence was too high. They were able 
to develop mechanisms which were too com- 
plex, too fast, too dangerous, too demanding 
for the unassisted human to operate. Today, 
the man himself has begun to limit the capa- 
bilities of the machines which he controls, 
and for this reason special consideration 
must be given to circumventing his short- 
comings and capitalizing upon his abilities, 
This, human engineering seeks to do. 


The Man-Machine System 


lundamental to this new venture is the 
concept of the man-machine system (Fig 
ure). In this paradigm, the man is repre- 
sented as one element and the machine the 
other component of a single complex. The 
human receptors, such as those found in the 
eye and ear, react to energy changes or 
stimuli and set up trains of nervous activity 
which are conducted to the central nervous 
system (CNS), where they are processed 
and rerouted through the motor nerves to 
the effector organs of the body. It is the 
brain and spinal cord which contain. the 


nervous elements which are responsible for 


) cus | 


DISPLAYS} 


INPUT—— OUTPUT 


The man-machine system 
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and decision 


has 


storage, learning, 


action 


making. 
Once an been decided upon, 
neural signals cause the effector organs 
the muscles—to contract and to transmit in- 
formation to the machine. 

The latter is also shown as three function- 
ally connected blocks which represent the 
displays, the controls, and the remainder of 
the device, here labeled “M” for mechanism. 
An input is transformed by the mechanism 
into a display indication which is read by the 
operator and responded to through the ap 
plication of force to the control. The con 
trol signal is then further transformed into 
output and, in closed loop systems, into a 
quantity which alters in some way the in 
dication on the display. 

In the way shown, the man and the ma 
chine cooperate to form a continuous infor 
mation transmission and processing channel 
with the human element often being assigned 
a major role. It is the task of the human 
engineer to design the mechanical portions 
of the system so to accord with the human’s 
capacities and compensate for his limitations 
that the information flow is optimized and 
system performance is enhanced. 

In order to do this intelligently, the en 
gineering psychologist must come to under 
stand man in a new way. To be sure, 
conventional textbooks of psychology contain 
much which can serve in a general fashion 
to guide the system designer in assembling 
man-machine systems. But the difficulty with 
orthodox psychology is that its facts are 
often not those which the engineer requires, 
and its concepts, although fruitful for psy 
chology as an independent science, have little 
meaning or pertinency for the systems en 
gineer. Because of this, the engineering 
psychologist has begun to study the human 
aS an engineering component and to collect 
data on the system-relevant properties of 
the man. As yet, very little quantitive in 
formation is at hand, but the effort to ana 
lyze human characteristics in a way which 
will be useful for engineering is proving to 
be both scientifically interesting and prac 
tically effective. 


Tayvk 


When the operator of a machine is viewed 
as a System component, it becomes apparent 
that he possesses very many useful proper- 
ties and others that constitute limitations. 
Some of the former will be listed first. 


Useful Properties of the Man 
l. Flexibility 


about the human is that he can function in 


The most obvious thing 


a fantastic variety of ways. He can trans 
duce energy, amplify, integrate, differentiate, 
count, and add quantities; he can multiply 
variables, interpolate, extrapolate, switch, 
store information and processes, translate 
from one coding system to another, and 
make kinds of Fur 
thermore, he can do these things singly or in 


numerous decisions, 


simultaneous combination. 
2. Self-Adjustment 


man capable of performing many different 


Not only is the hu 


functions; he is a purposive device which 
tends to alter itself in the direction of pro 
viding the most appropriate transformation 
for the circumstances at hand. Over short 
time intervals, the most fitting class of trans 
modes is selected 


fer functions or action 


from the whole population of functions 
available to him. On a long-time basis, the 
selected function is gradually refined and 
perfected. Both types of adjustment are 
called learning. 

3. Response to 


performing within any one subsystem loop, 


he can and does employ information derived 
from other loops in which he also serves as 
an element. Thus, in driving a car he can, 
by virtue of having read a roadside warn 
ing sign, begin to slow down for a turn 
before it is revealed over the brow of a hill. 
Similarly, he can monitor the response of a 
subsystem within which he is acting, recog 
nize a malfunction, and switch to a more 
adaptive manner of responding. 

4. Modal 


sis. Because he 


Redundancy and /lomeosta 
has two eyes, two ears, 
two arms, and two legs, he is less easily put 
out of commission by minor injuries than 
would be a mechanical component lacking 
modal redundaney. His complex nervous 


system also makes it possible for him to 
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satisfy system requirements in many differ- 
ent ways. If, for example, an injury or 
some other circumstance makes it impossible 
for him to convey information vocally, he 
can write and pass notes. 

Homeostatic processes, both physiological 
and motivational, act to keep the man func- 
tioning effectively in spite of inimical en- 
vironmental conditions and even after some 
types of bodily injury. 

5. Mechanical Independence. secause 
man’s primary senses require no mechanical 
contact with any parts of the system or with 
objects in the environment, and because he 
can couple and uncouple his motor organs 
with the controls, he needs no physical tie-in 
with the other system elements. This, plus 
his ability to move about, fitting himself into 
one or another control loop at will, gives 
him a great advantage over mechanical com- 
ponents which must be wired or plugged into 
the system, and, once connected, must stay 
put. 

6. Energy Storage—Over a period of 
several hours, the human requires no ex- 
ternal power supply in order to function 
effectively, and even over longer periods he 
can get along with very little food. This 
fact, and its corollary, that the man remains 
effective during a system power failure, are 
often powerful arguments for using the hu 
man in a critical part of a system. 


Limitations 


Along with his useful capacities, the hu- 
man has other engineering properties which 
serve to limit his effectiveness as a system 
component, These limitations are as impor- 
tant to the engineer as his useful charac- 
teristics, if not more important. Yet man’s 
system-relevant shortcomings are seldom 
given adequate attention by the designer. A 
few of the human’s more important limita- 
tions follow. 

1. Lack of Standardization—-Men come 
in many shapes and sizes, and their capaci- 
ties to act within a system can probably 
vary by as much as an order of magnitude. 
This means that if complex functions are 
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to be performed, the operators must be 
selected for the task. 

2. Limited Band-Width.—When a human 
closes a tracking or control loop, he can pass 
frequencies no higher than one or two cycles 
per second. This is a severe band-width 
restriction, particularly when it is compared 
with that of typical electronic units. 

3. Transport Delay—The human has a 
reaction time which varies from 4 9 second 
up to several seconds, depending upon cir 
cumstances. 

4. Imprecision.—Although the man can 
perform a very wide variety of transforms, 
he is far less precise at any one of them 
than a mechanical or electronic element built 
for this purpose. Furthermore, it appears 
from evidence that the more complex his 
transfer function—the larger the number of 
transformations he must carry out simul- 
taneously—the less adequate his perform- 
ance. This is probably due, in part, to his 
limited band-width and to the fact that the 
more functions he performs, the less band 
width he can devote to each. 

5. Variability —1f man’s adaptability is 
one of his strong points, variability is one 
of his most serious limitations. In every- 
thing he does, the human varies widely from 
moment to moment, day to day, and from 
one environmental situation to the next. 
Another way to say this is that human trans- 
mission properties vary both by chance and 
as a direct function of a very large number 
of social, psychological, and physical varia- 
bles. The short-term random variations con- 
stitute one of the sources of human “noise,” 
discussed below. The other type of varia- 
bility is seen when the man becomes fatigued 
from long-continued work, or when his alert- 
ness drops throughout the course of a dull 
and boring task. It is also illustrated by 
changes in his efficiency when he is sub 
jected to high noise levels, excessively high 
or low g forces, extreme degrees of heat or 
cold, and various forms of “task-induced” 
stress. 

6. Noise.-When a human acts in a 
closed-loop control system, frequencies ap- 
pear in the system output which are not in 
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the input. These frequencies, which are 
usually high, relative to the input forcing 
function, arise from (1) tremor and various 
imprecisions and random variations in the 
man and (2) dynamic interactions and trans- 
actions between the man and the physical 
components in the system. 


Using Man’s Engineering Properties 


Research, on these and other such human 
properties, and the design of systems to re 
Hect such properties, today constitute a very 
sizeable and vigorous activity. Obviously, it 
is not feasible to attempt to describe ade 
quately all the principles and techniques of 
this broad new field. However, in the effort 
to illustrate how a knowledge of man’s en 
gineering properties can be employed to 
design better systems, one particularly re 
vealing example will be cited. This illustra 
tion has the virtue of demonstrating how a 
single human engineering principle can 
simultaneously take account of several dif 
ferent engineering properties of man. 

It is hardly a coincidence that the illustra 
tion chosen comes from my own institution, 
where it was provided by the work of Mr. 
H. P. Birmingham, The principle he de 
veloped is known as quickening! and ap 
plies to man-operated control systems of the 
automobile, aircraft, and submarine type. 

The need for quickening is brought about 
by the lags which are inherent in most ve 
hicular control loops. When aireraft 
pilot, for example, attempts to change his 
heading by exerting a sidewise pressure on 
his stick, the physical dynamics of the situa 
tion interpose a complex series of delays 
between the pilot’s force application and the 
ensuing change in compass heading of the 
airplane. Such lagging systems tend to be 
oscillatory—overshooting first in one direc 
tion and then the other. In order to prevent 
this oscillation, the pilot must learn to an 
ticipate events before they occur, and back 
off, reverse, and neutralize his control be- 
fore the desired heading is achieved. In 
mathematical terms, he has to differentiate 


several times over. 


Taylor 


Although display quickening does many 
things, one of its most important effects is 
to eliminate the need for this differentiation 
on the part of the pilot. This it does by 
providing networks which pick off from the 
airplane gyros, or other sensing devices, 
derivative terms which are weighted and 
added electronically to aircraft heading in a 
single-indicator display. With quickened in 
dication, the pilot sees instantly the effects of 
his control task is 
changed from complex anticipation or dif 


actions, so now his 
ferentiation to simple target following. No 
longer does the airplane oscillate, and control 
precision is greatly enhanced. 

The 


machine system performance which can be 


amount of improvement man 
achieved through quickening varies with cir- 
cumstances, but the change is nearly always 
dramatic. In a number of applications to 
submarine, drone, fixed-wing aircraft, and 
gunfire control systems, precision has at 
least been doubled, and often tripled, and 
in one instance * it has been enhanced by a 
factor of 10. Furthermore, in addition to 
enhanced precision, quickening often bene 
fits performance in other ways, as noted 
below. 

All these results have been achieved by 
exploiting man’s capacity to adjust himself 
and by circumventing several of his limita 
tions as a system element, 

1. First of all, the effect on system per 
formance of the operator’s intrinsic impre 
cision is reduced by the substitution of 
precise electronic computing networks in 
place of the far less adequate analogue com 
putations of the man. At the same time, as 
the pilot is relieved of his complex task, he 
is enabled to perform more adequately the 
simple target-following task which remains. 

2. In cases where it is desirable, quicken 
ing can also have the effect of reducing the 
human’s hand-width requirements, thereby 
making surplus band-width available for 
carrying out other simultaneous tasks. A 
Naval 


shown that an operator can simultaneously 


Research Laboratory study? has 


track through complex dynamics in four co 
ordinates with quickening, whereas without 
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it he is just able to learn to handle one co- 
ordinate. 

3. In an aircraft with a quickened display, 
high-frequency noise, originating within the 
pilot, is filtered from the system output. 
I:ngineers have not always been aware of the 
human’s noise properties, with the result that 
they have often failed to provide adequate 
noise cancellation in the systems which they 
have designed, 

4. Quickening also has the virtue of 
desensitizing the performance of the man- 
machine system to certain of the nonstation- 
ary aspects of human behavior. For 
example, Garvey * has shown that the per- 
formance of a quickened man-machine track- 
ing system is disrupted less by stress applied 
to the human operator than is the behavior 
of a comparable but unquickened system. 
Furthermore, in some applications of the 
quickening principle, operator fatigue is re- 
duced through the elimination of unneces- 
sary control motions, with the result that 
human performance deteriorates less rapidly 
with time. 

5. Finally, the fact that the human com- 
ponent is nonstandardized is rendered unim- 
portant in a quickened system by the fact 
that the human task requirements are so 
greatly simplified by quickening that nearly 
any operator can perform adequately with 
little or no training. It is literally true that, 
in one experiment,? the majority of subjects 
operated a quickened system in a satisfac- 
tory fashion the very first time they tried. 
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Summary 


It has been argued that, in designing man- 
operated machines, it is useful to consider 
the human as an engineering component, to 
determine his system-relevant properties, 
and to take as many as possible of these into 
account in structuring the mechanical por- 
tions of the system. The evidence is clear 
that this approach, when properly used, is a 
human engineering design instrument of 
great power. 


U. S. Naval Research Laboratory. 
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Human Factors Engineering at IBM 


A. H. SCHROEDER, Poughkeepsie, N. Y. 


This paper will illustrate how human fac- 
tors engineering is being applied to the de- 
sign and development of data processing 
machines at the International Business Ma- 
chines Corporation. It will touch on the 
necessity for a program of this type, how it 
is implemented, and how some of the prob- 
lems encountered have been solved. 

Within our commercial products organi- 
zation, there are three basie divisions of 
effort in the area of human factors engi- 
neering. 

In our Research Division we have six ex- 
perimental psychologists working in the area 
of basic research. The problems with which 
they are concerned are based on our an- 
ticipated needs, as of about 10 years from 
now. Their work is providing us with fun 
damental knowledge and extensions of the 
ory which will permit applications in the 
helds of perception, memory processes (in- 
cluding short-term memory), decision-mak 
ing and and 
output processes. Their work is published in 


problem-solving processes, 
professional journals, as well as being avail 
able to IBM internally. 

In the Product Development Laboratory 
of the Data Processing Division, we have 
both exploratory research and human fac 
tors applications groups. 

Exploratory research stands midway be 
tween direct applications to machines and 
basic research. This function establishes ex 
pected needs in machine systems of one or 
two generations hence, searches for or es 
tablishes hypotheses on good man-machine 
relationships, and tests them out. I-xamples 
would include man-machine code structures 
and formats for a given class of conditions, 


International 


Machines 


Product Development Laboratory. 


Jusiness Corporation, 


trouble-shooting technologies, and computer 
displays. Work of this nature is planned in 
many of our locations. We have six ex 
perimental psychologists and three engi 
neers working in these groups. 

The applications groups are deeply in 
volved in doing what their name implies 
applying human factors skills to machine 
problems. This is the activity with which | 
am athliated at IBM, Poughkeepsie. [ shall 
discuss it further in a moment. 

The Typewriter Division and the recently 
formed Special Engineering Products Di 
vision are at present using the facilities of 
the Product Development Laboratory, plus 
outside consultants, to solve their human en 
gineering problems. Our largest group of 
human factors people, and the one that has 
operated the longest, is in our Military Prod 
ucts Division. One segment of it is con 
cerned with research and development in 
air-borne computers, the other with research 
like SAGE 


They have about 10 psychologists and 20 en 


and development systems 
gineers working on national defense prob 
lems. 

Since | am more familiar with the applica 
tions of human factors data to machine de 
sign, | will confine my discussion to these 
activities. 

We will consider that the old problem of 
getting into the project early enough is of 
prime importance. In my estimation, this is 
the key to optimum man-machine system 
design. Here we should stop and define just 
If the human fac 
tors requirements are considered before the 


what “early enough” ts. 


various functions are allocated to either man 
or machine, [I say that this is getting in 
“early enough.” Considering them at any 
time later than this can often mean delays, 
reengineering, compromises, and increased 
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costs. The planning stage is the time to al- 
locate functions to man and machine. 

‘or example, there may be interest in ex 
ploiting flexibility in a computer system, At 
the block diagram stage we must consider 
carefully whether to let the operator be a 
mode selector (and to what extent) or to 
make these operations automatic by means 
of hardware and a huge planning effort. It 
is essential here to know the over-all system 
requirements in terms of applications, the 
rapidity and accuracy with which the system 
must perform, whether it is planned for 
in-line or off-line operations, and the sheer 
dollar cost factors. It is necessary to weigh 
these and many other factors and alter 
natives before making subsystem and com 
ponent specifications. To do this, we have to 
seek out and question many people and go 
to many sources of planning information, 

As the design progresses from the idea 
and planning stage, it is essential that the 
human factors engineer work right along 
with the design team. In this hardware de 
velopment stage, it 1s necessary to construct 
models and mock-ups to determine base-line 
data that may not be available from previous 
experience or experiments. New studies are 
and 
because of the fact that the many interacting 


required because of system peculiarities 


variables seldom duplicate laboratory experi- 
During this stage the value of 
exploratory research is recognized because of 


mentation, 


the need for radically new types of input 
output devices for human use. 

Now let us look at some of the tools we 
use to gather the data necessary to perform 
our function. 


Task Analysis 


First we must become familiar with the 
proposed system. Then we try to anticipate 
the human requirements, by listing the op 
erations the human will have to perform, 
step by step. At each point in the tabula- 
tion where it is possible to create an error, 
no matter what the cause, an alternate path 
is taken following the steps in the error 
correction procedure, Then it is possible to 
combine the known error rate in a given 
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situation with the projected time required to 
correct it in this system, and thus predict 
the effective loss in efficiency. We can then 
recommend alternatives for the engineer to 
consider. 


Operator Opinions 


It is sometimes possible to review jobs 
very similar to the one you are analyzing. 
If so, the person who works in the system 
or operation is probably the one most fa 
miliar with it. He should be able to point 
out the system bottlenecks and to suggest 
improvements. In such a case we often use 
an open-end questionnaire, to let the operator 
discuss the operation freely while the infor- 
mation is being recorded, This tends to put 
the operator at ease, and usually results in 
his volunteering a steady stream of infor- 
mation. 


Sampling a Job 

The observer records all of the data that 
he feels are necessary to supply him with the 
answers he needs. For instance, he may 
record all hand, head, and eye movements 
and their frequency of occurrence, in order 
to assign priority to displays and controls 
for the purpose of workplace layout. 


Motion Pictures 
A camera can be set to record the needed 
data, which can be carefully reviewed at a 
later time. The use of motion pictures offers 
some advantages that cannot be obtained by 
sampling a job. One is that the important 
parts of the film can be rerun at slower 
speeds to determine all of the necessary de 
tails (or speeded up to note trends). It also 
has the advantage of not creating an air of 
self-consciousness in the operator by having 

someone observing his actions. 


Critical Incident Technique 


Operators, maintenance men, and other 
users Of a system are asked to recall one or 
a few incidents that have occurred in the 
system that had or would have had grave 
consequences. To the operator it may have 
been major errors that caused loss of time 
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or reduced production, To the maintenance 
man it may have been an occurrence that 
nearly resulted in an accident or a situation 
that resulted in lost time because of poor 
diagnostic procedures. 


Experimental Techniques 


The techniques just mentioned have the 
basic advantage of being realistic. Labora- 
tory experimentation has often been criti- 
cized for not being realistic. However, it 
does permit control of a large number of 
variables. The value of controlled experi- 


ments is being recognized, and more space 


and funds are being provided to carry them 
on. As time goes on, much of the data that 
we obtain will be compiled into usable form 


Figure 


Schroeder 


for our engineers. Let us look at a few 
representa.ive examples : 

1. In the development of the machine 
shown in Figure 1 it was necessary to illus- 
trate the disadvantages of having the printer 
output on top of the machine, As you see, 
a full-size partial model was constructed 
from 1 in. wooden strips, nailed together 
and covered with cardboard sheets. A num 
ber of typical machine operators, both male 
and female, were asked to perform the nee 
essary operations on the output machine. 
These consisted of inserting paper, chang- 
ing the ribbon, cleaning the mechanism, and 
reading the printed material. Their reac 


tions to the situation were recorded, as well 


as their comments obtained through an open 
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end questionnaire. After all data had been 
gathered and tabulated, a meeting was called 
with the design and the sales groups. The 


results were reviewed, and the decision 


made not to incorporate the output printer 
on the base machine. 


2. In another case it was necessary to de- 
termine which of four combination card 


feeds and stackers should be used. The pos- 
sibilities were examined, and wooden mock- 
ups of all four variations were constructed. 
After preliminary investigation, two possi- 
bilities were eliminated, In both of them the 
operator had to perform more movements 
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Figure 2 


than in the remaining two, and fewer cards 
were processed in a given interval of time. 
One of the two remaining alternatives had 
a greater total operator idle time than the 
other, at first glance an apparently desirable 
condition. However, closer study revealed 
an important fact. Although the total opera 
tor idle time was greater, the intervals were 
of such short duration that they were virtu 
ally useless. The alternate arrangement al 
lowed fewer idle periods, but they were 
longer and could be more profitably utilized. 
In the final analysis, the latter arrangement 
was chosen, even though the manufacturing 
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The “total” cost was the 
determining factor. 

3. Figure 2 shows some of the work that 
has resulted from the combined efforts of 
the Industrial Design Department and Hu- 
man Factors people. 


cost Was greater, 


This is a_ full-size 
model of a machine that was still on the 
drawing board at the time this picture was 
taken. Some preliminary studies had already 
been done to help in arriving at a suitable 
solution for this model. Sketches were made 
and approved; then this plywood model was 
constructed. With this available, it was pos- 
sible to carry out further evaluations and do 
some “quick and dirty” testing while the real 
machine was still in development. You can 
see here how “unveiling” internal workings 
of the machine increases viewers’ interest 
and operator’s prestige. More and more ap- 
plications of this type will be seen in the 
future, and the determination of whether the 
movement of visually exposed mechanism 
affects the operation will rest with the human 
factors people. 

4. Another area in which human factors 
people have been working lately is that of 
training and maintenance manuals. Ma- 
chines are becoming more complex, but 
training and maintenance procedures must 
not. We are learning that proper diagnostic 
procedures are providing more efficient and 
faster maintenance for the customer. 

Some areas in which we hope to work in 
the future are the following: 


Schroeder 


1. The development of better principles for the 
systematic schedule of points or stages in 
design planning at which human factors con- 
siderations should be brought to bear, and 
the way in which they should be brought to 
bear 

2. A classification scheme for predicting the na 
ture of human error in perception, recall, 
decision making, and responses 

3. Special emphasis on design of equipment for 


ease of maintenance, especially for 


output monitoring and fault location 


input 


4. Improved procedures for computing the utility 
and reliability of systems that have human 
components 

5. Improved methods for quickly stimulating a 
proposed work situation to get experimental 
data, or to rapidly try out new arrangements 
of components as they affect human operators 
and maintenance personnel 


These are a few samples of areas in which 
from 
which we can expect considerable payoff. In 


progress remains to be made, and 


carrying out this program, close liaison be 
tween the applied and research laboratories 
will be maintained without putting restric 
tions on either activity. This effort should 
reveal gaps in knowledge that need to be 
filled by further research. 

It is impossible and impractical to train 
all engineers to be human factors specialists, 
but it is highly practical to provide a set of 
attitudes for favorable to 


them that are 


recognizing the human component. 
Business Machine 


International Corporation 
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Current Trends in Criteria 
Industry 


FLOYD E. FRAZIER, Chicago 


Before entering into this discussion it is 
well that we understand clearly the purposes 
and limitations of these remarks. 

There is an ever-increasing demand for 
standards designed to deal with numerous di- 
rect or indirect effecis of noise exposure. 
In general terms, these embrace the fields 
of (1) speech interference, (2) systemic, or 
nonauditory, effect of noise, and (3) the 
effects of noise on hearing, The first two 
of these three general classifications will not 
be included in this discussion, although a 
passing comment may be in order. 

As to speech communication, the require- 
ments have been well documented — by 
Beranek ' and others. Information.is readily 
available in the literature. 

Concerning the various nonauditory  ef- 
fects of noise the answers are not so sim- 
ple. It is fairly well accepted that exposure 
to noise levels of 150 db. and over may re- 
sult in nonauditory effects, such as nausea 
and disorientation, even though the noise 
As is 


always the case when dealing with an unfa- 


level in the ear canal is below 135 db. 


miliar subject which may be somewhat 
cloaked in mystery, there have been many 
unsubstantiated rumors concerning other 
by-products of noise exposure. To dispose 
of these factors, | should like to quote from 
a paper in the Western Underwriter (De 
cember, 1954), by Dr. Aram Glorig, Direc 
tor of Research, Subcommittee on Noise of 
the American Academy of Ophthalmology 
and Otolaryngology. He said: 

Much has been said and written concerning the 
effect of noise upon behavior of man. Some of the 
purported effects include nervousness, fatigue, in- 
In 


efficiency, sterility, and even death. no case, 


National Association of Mutual Casualty Com- 
panies. 
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however, is there any valid evidence to support 
any of these claims. As a matter of fact, present 
evidence refutes any such claims except in the 
case of extremely loud noises such as those pro- 
duced by after-burning jet engines, 

Industry is, of course, interested in any 
measure designed to provide better working 
conditions for its employees. A major con- 
cern with the loss of hearing problem is, 
however, the potential cost of interjecting 
loss of hearing into the workmen compensa- 
tion system as an occupational disease. This, 
then, is an important factor in determining 
the effectiveness with which the industrial 
hygienist can function in the hearing con- 
servation field. My remarks will, therefore, 
be limited to a discussion of criteria for 
conservation of hearing in industry. 

There is one further limitation, My as 
signment is to review the current trends in 
criteria for noise levels in industry—not to 
express opinions concerning the validity of 
any proposed standard. lollowing such a 
review, [| shall attempt to present some con 
clusions concerning the meaning of these 
trends to industry and the problems which 
they present. 

That excessive noise can cause hearing 
loss has been well known for more than 
100 years. Reports of hearing losses among 
blacksmiths were published in England in 
1830. About 1860, similar studies of boiler- 
makers appeared. The effects of gunfire on 
military personnel received publicity before 
the turn of the century. -xposure to exces- 
sive noise became common, however, with 
the mechanization of industry and = mass 
military service prior to and during World 
War Il. 

Although in only a few cases have spe- 
cific standards, to the best of my knowledge, 


NOISE LEVEL CRITERIA 


received official recognition by legislatures 
or administrative agencies, a number of 
tentative proposals have emerged since 1950. 
I shall review the more important of these 
briefly before expressing any opinion con- 
cerning indicated trends, 

In considering proposals for noise damage 
criteria it should be recognized that we are 
dealing with a set of factors not ordinarily 
encountered in standards for occupational 
health exposures. Usually, standards are 
expressed as threshold-limit values below 
which level of exposure it is assumed that 
ordinarily no physiological impairment. will 
occur, This is not possible in the case of 
noise exposure because of the widespread 
exposure to noises, at possibly harmful 
levels, outside the occupation, and to the 
prevalence of nonoccupational hearing losses 
that accompany age regardless of oceupa- 
tional exposure. These nonoceupational losses 
have been well documented in the Statistical 
Report of the 1954 “Wisconsin State Fair 
Survey” 2 and in other reports. 

In a recent article in The Journal of the 
American Medical Association, by Glorig 
and Summerfield? appears the statement, 
“factory workers show nearly twice the 
hearing loss that office workers show when 
ages are the same.” This statement may 
logically be interpreted to mean that. sta 
tistically one-half of the average factory 
worker's hearing loss, at least in the upper 
age brackets, may be due to nonoccupational 
causes, Such a conclusion appears consistent 
with available research statistics. 

The point which should be emphasized 
in this connection is that by adherence to 
any of the proposed standards, industry 
cannot guarantee that there will be no sig- 
nificant hearing losses among its workers. 
The most optimistic goal would be restric- 
tion of hearing losses to the amount that 
would develop with increasing age regard 
less of occupational exposure. 

Perhaps the first attempt to provide a 
substantiated damage risk criterion was 
made by Kryter,* in his monograph “The 


Frazier 


Effects of Noise on Man.” Kryter’s con- 
clusion was as follows: 

A fair, perhaps conservative, evaluation of the 
laboratory and industrial studies on stimulation 
deafness would seem to be that for long and inter 
mittent exposures any frequency of sound (or nar 
row band not exceeding the critical width) that 
is 85 db. or less above .0002 dynes per square 
centimeter will not cause any temporary or perma 
nent deafness 

The “guess” that tones 85 db. above .0002 dynes 
per square centimeter may cause some deafness, 
either temporary or permanent, applies only for 
long periods of exposure, applied intermittently 
over months or years 

Two common misconceptions concerning 
the Kryter statement have been evident 
throughout the years. The first of these that 
often is overlooked is the fact that Kryter 
did not refer to an over-all sound level, He 
referred specific narrow-band frequen 
cies. The second factor, to which | shall 
refer in discussion and again in summariz 
ing the similarity between the various pro 
posals, is the misconception that at the 
indicated levels damage to hearing will re 
sult from very short periods of exposure. 

Following Kryter’s suggestion, Beranek 
converted the data to octave bands and pro 


posed the tentative damage risk criterion 
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Fig. 1.—Tentative damage risk chart. The rat 
ings apply for continuous noise for exposure every 
working day for a lifetime and for suffering a loss 
in hearing serious enough to affect significantly 
the ability to understand speech. The zone of 20 db 
shown for “wide-band noise” is to illustrate some 
of the uncertainty in this rating. A similar un 
certainty applies to the “pure tone” curve. Re 
produced with permission from Handbook of Noise 
Measurement, Fd. 3, General Radio Company, 
Cambridge, Mass., 1956 
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shown by Figure 1, Note that at the fre- 
quencies above 300 cps the threshold of 
negligible risk for wide-band noise starts at 
85 db. and that there is a range of 20 db. 
between this point and the level of serious 
risk at 105 db. Also of interest is the fact 
that this criterion is stated in terms of a 
lifetime of exposure. 

Probably the most significant statement 
to date in terms of its effect upon work- 
men’s compensation is contained in the De- 
cember, 1953, Report of the Committee of 
Consultants on Occupational Loss of Hear- 
ing, appointed by the New York Workmen’s 
Compensation Board, That statement fol- 
lows. 

What is known qualitatively about the above 
stated three important factors makes it seem prob- 
able to your committee (1) that most persons ex- 
posed for several hours daily to noise at intensity 
levels above 120 decibels, whatever the “compo- 
sition” of the noise, will in a matter of months 
suffer permanent damage to hearing; (2) that for 
most industrial noises at “overall” levels of 100 to 
120 decibels, exposure for several hours daily for 
a long period of time will cause permanent damage 
to hearing in a considerable proportion of persons, 
the proportion being higher the more closely the 
noise approaches the intensity level of 120 decibels 
and the more the noise is dominated by high- 
pitched components; and (3) that the hearing of a 
few very susceptible persons may be permanently 
damaged by exposure for many years to certain 
noises at levels between 90 and 100 decibels. All 
decibel levels mentioned are based on the standard 
reference level of 0.0002 dynes per square centi 
meter. 

A statement very similar to the above had 
earlier been made by the Subcommittee on 
Noise in Industry of the American Academy 
of Ophthalmology and Otolaryngology and 
at a slightly later date by a similar medical 
committee reporting to the Wisconsin In- 
dustrial Commission. 

The importance | have attached to these 
statements stems from the fact that to the 
best of my knowledge this is the only 
criterion which has to date been officially 
recognized by state administrative agencies. 
Both New York and Wisconsin, on the 
basis of these reports, construe a record 
of an over-all noise level in excess of 90 db. 
as evidence that the worker has been ex- 
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posed to injurious noise. The duration of 
the exposure receives no official considera- 
tion. 

The next significant attempt to document 
the probable effects of exposures to noises 
at various levels is found in the report of 
the Z24-X-2 Subcommittee of the American 
Standards Association.® This report contains 
trend curves which indicate the predicted 
results of exposure to various noise levels. 
It does not, however, even suggest a definite 
criterion. In the report will be found the 
statement, “this report summarizes the fact- 
finding mission which was taken by the sub- 
committee; it suggests no and 
proposes no criteria.” 

igure 2 indicates the predicted hearing 
loss at 1,000 cps after years of exposure 
to noises at 88 and 95 db. The inset shows 
the noise spectrum. Note that at this fre- 
quency the predicted loss is within the 15 db. 
range of normal variability, 

igure 3 shows the predicted hearing loss 
at 2,000 cps after years of exposure to noise 
Note that 
at this frequency there is no significant 
hearing loss from the 88 db, exposure but 
that at 95 db. the loss begins to enter the 
range of significance. 

igure 4 shows the trend curve for pre- 
dicted hearing losses at 4,000 cps after 


standards 


as shown by the inset figure. 
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Fig. 2.—Fstimated average trend curves for net 
hearing loss at 1,000 cps after continuous exposure 
to steady noise. Corrected for presbycusis but not 
for temporary threshold shift. Reproduced with 
permission from The Relations of Hearing Loss to 
Noise Exposure, Report of Subcommittee Z24-X-2, 
American Standards Association, 1954. 
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Fig 3.—Estimated average trend curves for net 
hearing loss at 2,000 cps after continuous exposure 
to steady noise. Corrected for presbycusis but not 
for temporary threshold shift. Reproduced with 
permission from The Relations of Hearing Loss to 
Noise Exposure, Report of Subcommittee Z24-X-2, 
American Standards Association, 1954. 


years of exposure to noise described by 
the inset figure. Note that this curve 
is based on exposure to noises of the indt- 
cated frequency at 83 and 88 db. levels and 
that after some 15 years of exposure signif 
cant hearing losses are developed. It should 
be emphasized, however, that losses at the 
4,000-cycle frequency are not significant as 
far as hearing speech is concerned. Handicap 
for speech develops only when the losses 
spread into the lower frequencies. 

An important point to remember in re 
viewing these curves is that although they 
have been corrected for presbycusis, no cor 


rection has been made for the temporary 


threshold shift. They do not, therefore, 
indicate permanent or persistent hearing 
loss. This factor can be very important, 


since current indications from research are 
that although the temporary threshold shift 
may average somewhere in_ the 
10 db., 


some persons, depending upon the exposure. 
in the 


range of 
it may be as high as 35 to 40 db. in 
This shift is most pronounced area 
of 4,000 eps. 


Poth and Weinberg® have summarized 
the Z24 trend curves with the statement that 
they indicate that lifetime hearing loss 1s 
minimal when the eight-hour daily exposure 
in the indicated octave bands does not ex 
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Fig. 4.—Estimated average trend curves for net 


hearing loss at 4,000 cps after continuous exposure 
to steady noise. Corrected for presbycusis but not 
for temporary threshold shift. Reproduced with 
permission from The Relations of Hearing Loss to 
Noise Exposure, Report of Subcommittee Z24-X-2 
American Standards Association, 1954. 


ceed &5 db. Note here 
again that the reference is to a lifetime of 
exposure 


of wide-band noise. 


rather than to a short period. 


It has been long recognized that no single 
over-all number could serve as a measure 
of the possibly harmful characteristics of a 
given noise containing a number of fre 
The ear is not equally sensitive 
at all frequencies 


quencies, 


Previously mentioned has been the fact 


that in 1951 the Subcommittee on Noise in 
Industry, American Academy of Ophthal 


mology and 


Otolaryngology, tentatively 
defined 90 db. over-all as a possible harmful, 
level although stated in terms of many years 
of exposure for highly susceptible persons. 


Conforming to the current trend, the Sub 


committee, in its 1957 “Guide for Conserva 


tion of Hearing,’ issued a new statement 


as follows: 


At the our knowledge of the rela 
lions of noise-exposure to hearing loss is much too 
limited for us to propose “safe” 
exposure. We can, 
levels that indicate 
hearing 


present time 


amounts of noise 
however, point to certain noise 
when it is advisable to initiate 
conservation programs 


general because 


These levels will 


not be a different level is needed 
for different types of noise and different schedules 
of exposure. The hearing conservation level that 
tentatively 

broad-band 


spectra. 


we now specify applies only to years 


of exposure to steady 


relatively flat 


noises with 


does not apply to short 
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exposures, and above all, it does not apply to im- 
pact noises or narrow band noise. This tentative 
hearing conservation level is stated as follows: 

If the sound energy of the noise is distributed 
more or less evenly 
and 
regularly 


throughout the eight octave 
bands, a person is to be exposed to this 
noise for hours a day, 
week for many years, then: if the noise level 
in either the 300-600 cycle band or the 600-1,200 
cycle band is 85 db, the initiation of noise-exposure 
control The 


the octave band levels exceed 85 db. the more urgent 


many five days 


a 


tests of hearing is advisable. more 


is the need for hearing conservation. 

the 
statement just quoted need to be recognized. 
First, 


Several factors in connection with 


the statement was published as a 
tentative opinion, yet to be substantiated by 


extensive research. Second, it emphasizes 


all 


noise level but to two particular octave bands. 


the fact that it does not refer to an over- 


Third, of particular significance is the fact 
that it refers to exposure to the specified 
noise levels regularly for many hours a day, 
five days a week, for many years. 

It is well recognized that in most indus- 
tries where noise presents a hazard, workers 
are seldom exposed to the same noise levels 
throughout the entire work day. The Air 
which 


variable intermittent exposures are equated 


Force has adopted a criterion * in 
in terms of an eight-hour continuous ex- 
posure, This criterion utilizes the four octave 
bands ranging from 300 to 4,800 eps rather 
than the Academy of 
Ophthalmology and Otolaryngology recom- 
mendation. 

The 
gram for converting intermittent exposures 
to equivalent exposure time. The end-con- 
clusions were clearly stated by Dr. Walter 
A. Rosenblith,® speaking before the 1957 
International Conference on Audiology, 
follows: 


two bands, as in 


Air Force criterion utilizes a nomo- 


as 


a. Limits for lifetime exposure. The limits for 
lifetime exposure to broad band noise are given in 
terms of the band pressure level for four octave 
bands. The four octave bands are 300-600. cps, 
600-1,200 cps, 1,200-2,400 and 2,400 to 4,800 caps. In 
setting limits, it is assumed that the ears are un- 
protected and exposed continuously during normal 
work-hours over a period of 25 years. The risk of 
damage to hearing is slight when the 
level of a band does not exceed 85 db. 
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HEARING CONSERVATION CRITERIA FOR BROAD BAND NOISE 
(evens AT WHICH HEARING CONSERVATION DURES ARE RE! 
‘OR PERSONS EXPOSED pin OAILY FOR ABOUT 25 YEARS) 
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OAILY EXPOSURE 
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FREQUENCY BAND CYCLES PER SECOND 
Fig. 5.—Presented and discussed by staff mem- 
bers of Bolt, Beranek, and Newman, Inc., at the 
M. I. T. special summer course, “Fundamentals 


and New Advances in Noise Reduction,” August, 
1957. Reproduced with permission from Industrial 
Noise Manual, American Industrial Hygiene Asso- 
ciation, Detroit, 1958. 


as the band pressure level increases, and is excessive 
at 95 db. Ear protection is recommended for con- 
tinuous exposure to a sound pressure level above 
85 db. in any of the four octave bands. It is manda- 
tory for exposure above 95 db. Ear protection may 
consist of reducing the noise level in the ear canal, 
reducing exposure time, or both. 
igure 5 illustrates a criterion, presented 
August, 1957, by the staff of Bolt, 
seranek, and Newman, Inc., which produces 
essentially the same results as the Air Force 
criterion. Note that 500 minutes, or ap- 
proximately a full working day, of exposure 
to noise at 85 db. or more in the four octave 
bands from 300-4,800 eps inclusive indicates 
the need for hearing conservation measures. 
Note also the statement that for levels 10 
db. higher, or 95 db., 


in 


hearing conservation 
measures are mandatory. Note particularly 


TABLE 1.—Sugge sted Tentative Environmental 


Destan Baseline * 


Frequency, Cps Level Db. re 0.0002 Microbars 


37.5-75 100 
75-150 97 
150-300 92 
300-00 85 
600-1,200 85 
1,200-2,400 9 
2,400-4,800 90 
4,800-9,600 90 


* Reproduced with permission from Foundry Noise Manual, 
American Foundrymen’s Society, 1958. 
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TABLE 2.—Examples Indicating Whether Control Measures Are 


Over-All 37.5- 


Machine Levels 75 
Pneumatic ram; 100 psi sand-mold 

ramming t 90 &3 
Scarfing acetylene weld equipment t¢ 91 78 

Premix burner 2 in. outlet gas crucible 
heating 
Stand grinder 36 in. on small castings ¢ 96 SS 
108 78 


Tumbler 36X72 in. small casting ¢ 


* Reproduced with permission from Foundry Noise Manual, 
t Control measures not needed. 
¢ Control should be considered. 


that the standard is based upon daily ex 
posure for about 25 years. 

Table 1 shows the suggested tentative 
environmental design base line recommended 
in the “Foundry Noise Manual,’ devel- 
oped by the American Foundrymen’s Society 
and off the press within the last few weeks. 

This criterion was developed by a technical 
committee of the Society and represents an 
attempt to apply the previously described 
proposed standards in a manner which would 
provide industry with a practical yardstick 
for machinery specifications and plant noise 
control activities. It is based primarily upon 
the two frequencies recommended by the 
Subcommittee on Noise, American Academy 
ot 
previously mentioned. It will be noted that 
in the 300-600 and 600-1,200 eps frequencies 
85 db. has been recommended as a desirable 


Ophthalmology and Otolaryngology, 


goal, Recognizing the negligible risk attached 
to such a level and the practical difficulties 
of adhering to such a standard throughout 
the spectrum, it suggests a somewhat higher 
level in the frequencies above 1,200 eps and 
below 300 eps. The latter point is extremely 
pertinent, since the “dollars to decibels” 
ratio increases rapidly as attempts are made 
to reduce machinery noises in the lower 
frequencies, 

Table 2 illustrates the application of the 
American Foundrymen’s Society suggested 
criterion to typical foundry machinery. Note 
that in the first three examples, where typical 
installations have shown noise levels of 85 


raster 


> Needed * 


Octave Band Levels, Db. 


2,400- 4, 800+ 


1,200- 


150 300- 600- 

300 600 1,200 2,400 4,800 9,600 
67 73 83 M4 
87 77 78 78 76 7 
92 83 Sl 
91 95 92 92 


American Foundrymen’s Society, 1958. 


db. or less in the 300-600 and 600-1,200 eps 
bands, no control measures are suggested. 

In the last two examples, where typical 
installations have shown noises in excess 
of 85 db. in the two frequencies specified, 
further reduction or control measures are 
recommended. 

ligure 6 illustrates a criterion proposed 
by Hardy."' It is widely used in acoustical 
work but has not been adopted by the medical 
groups whose recommendations will greatly 
influence the standards adopted by the legal 
and regulatory bodies. 


The 


rather 


the 
derived 


criterion based 
the 


through application of the equal loudness 


upon sone 


than decibel is 
contours. In his conclusion, Hardy states: 
“Tf the noise level does not exceed 50 sones 


in any octave band, prolonged intermittent 


130 
120 
= 
"0 
100 303 w 
a Ones TAT N 
38 90 re 
Tay, TTT 
| 
60 
2 
8 10 4 
OCTAVE BANDS-CPS 
60 
OVER-375 75 180 300 600 1200 2400 4800 
ALL 73 180 300 600 1200 2400 4800 9600 
Fig. 6.—Equal sensation curves for broad band 


noise in octave bands. Reproduced with permission 
from Industrial Noise Manual, American Industrial 
Hygiene Association, Detroit, 1958 
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75 
150 
74 
89 
87 
78 
4 
| 


exposure will not result in hearing damage. 
On the other hand, if the worker is con- 
sistently in an environment which exceeds 
the 100 sones curve in any octave band, it 
appears that there is a strong possibility 
that hearing damage will result after a long 
period of time. The difference between these 
two limits is approximately 90 db.” 

The mixed occupational and nonoccupa- 
tional aspects of both noise exposure and 
hearing losses create two separate and dis- 
tinct types of problems to be dealt with 
when considering standards, From the stand- 
point of hearing conservation, which is, of 
course, the primary consideration of the 
industrial hygienist or engineer, standards 
must be based entirely upon available scien- 
tific data. 

Standards for establishing legal liability 
under the Workmen’s Compensation Acts 
involve additional factors, because of the 
widespread incidence of hearing losses in 
the general population due to nonoccupa- 
tional causes. These are not, of course, a 
primary responsibility of the engineering or 
scientific professions, but there is an in- 
escapable relationship to which T shall point 
later. 

In considering first the apparent trends in 
criteria for hearing conservation purposes 
it seems obvious that the 90 db. over-all 
standard now recognized officially in certain 
states must be discounted. The points in 
Seranek modifica- 
tion of the original Kryter hypothesis, (2) 
the suggested hearing conservation level of 
the 


common among (1) the 


American 
Academy of Ophthalmology and Otolaryn- 


Subcommittee on Noise, 
gology, and (3) the Air Force criterion 
provide unmistakable indicators of the hear- 
ing conservation levels which will receive 
scientific support. Before pointing to the 
end conclusions of these proposals, two im- 
portant qualifications should be recognized. 

Throughout this review, | have emphasized 
the fact that all of these proposals are stated 
in terms of many years or a lifetime of 
exposure. Such a basis is certainly justified 
from the standpoint of hearing conservation, 
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since the cumulative effects of exposure 
throughout the working life add up to the 
end-result. 

The second qualification is that the con- 
clusions presented represent opinions or 
estimates rather than proven facts. In no 
case, to the best of my knowledge, have 
research statistics been documented in the 
literature to support these conclusions, This 
statement is in no way intended to be criti- 
cal. It is well recognized that there are not 
sufficient data available to prove or disprove 
the validity of these opinions. Nor is there 
any indication that substantiating evidence 
will be available for many years to come. 

Recent reports from the Subcommittee on 
Noise, American Academy of Ophthal- 
mology and Otolaryngology, which has been 
engaged in research for a number of years, 
indicate that probably 15 years or more will 
be required to evaluate the various factors 
which must be understood before any final 
opinions can be stated concerning the effects 
of long-term exposure to industrial noise 
upon hearing. have been 
widely discussed in the literature and need 
not be reviewed here. 

The Beranek, the Academy of Ophthal- 
mology and Otolaryngology, and the Air 
Force statements are all in agreement in 
defining &85 db. of wide-band noise in the 
indicated octave bands above 300 cps at the 
level of exposure above which some hearing 


These factors 


loss may develop after a number of years. 
Although the terminology varies somewhat, 
all are in agreement in identifying 95 db. in 
these same octave bands as the level at which 
the risk is unquestionably serious and where 
control measures are necessary. 

300 the Beranek tentative 
proposal suggests that increasingly high 
levels of noise are permissible. The Air 
Force and the Academy of Ophthalmology 
and Otolaryngology recommendations indi- 
cate that the frequencies below 300 eps are 
relatively unimportant. 


Jelow cps, 


The only point on which there is any 
difference in the recommendations of these 
groups is in the number of octave bands 
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included in the recommendation. Both the 
Beranek and the Air Force recommendations 
recognize 85 db. in any of the frequencies 
of 300 to 600, 600 to 1,200, 1,200 to 2,400, 
and 2,400 to 4,800 as the point above which 
some hearing loss may eventually develop 
in certain persons, although it is made clear 
that the risk is very minor at this point. 

In the hearing conservation level recom- 
mended by the Academy of Ophthalmology 
and Otolaryngology, in its 1957 Guide for 
Conservation of Hearing in Noise, only the 
two frequencies of 300 to 600 and 600 to 
1,200 cps are recognized. However, recent 
and unpublished advices from Dr. Aram 
Glorig, Director of Research of the Sub- 
committee on Noise, indicate that the 1,200 
to 2,400 cps frequency may be added to their 
recommendations as a result of recent ob 
servations. 

Although there may be differences of 
opinion in the light of the present scarcity 
of exact information, it is essential that the 
industrial hygienist or engineer base his 
noise-control recommendations upon view 
points which will receive support from the 
recognized medical and scientific authorities. 
The facts which I have discussed seem to 
indicate clearly that the desirable goal which 
will be supported by these groups is a noise 
level not exceeding 85 db. in any of the 
three octave bands of 300 to 600, 600° to 
1,200, and 1,200 to 2,400 eps, not to be 
confused with an over-all noise level. 

Because of economic considerations or 
technical difficulties, it may not in all cases 
be possible for industry to conform to such 
a specification. As I have previously stated, 
because of the widespread occurrence ot 
noise levels above these indicated points out 
side of the industrial environment and the 
prevalence of hearing losses due to non- 
occupational causes in the general population 
there is no level of performance which will 
enable industry to guarantee that none of 
its workers will develop hearing losses. Thus, 
with any standard, there must be a certain 
element of calculated risk. Deviations above 
these recommended points, therefore, do not 


Frazter 


necessarily mean that difference between an 
absolutely safe and an unsafe level but that 
the element of risk is increased to the degree 
that these limts are exceeded. 

So that | might bring to you the most 
current and authoritative thinking on this 
subject, I requested of Dr. Aram Glorig a 
statement indicating present viewpoints in 
the Research Center of the Subcommittee 
on Noise concerning modifications that might 
be considered and the risk involved. Rather 
than lift of context, IT am 
quoting below the pertinent paragraphs from 
his letter dated Oct. 20, 1958. 


statements out 


You asked me for a statement regarding allow 
able levels in the various octave bands that could 
be presented as a You 
have tried to 
avoid the use of the term “damage risk criterion” 
and refer to the 
Our 


“damage risk 
doubt remember 


eriterion, 


will no that we 


levels as “hearing conservation 
levels.” original statement, which appears 
in the Guide as revised in 1957, places the hearing 
conservation levels at &5 the 300-600) and 


the 600-1,200 eps bands provided the noise is steady 


db. in 


and evenly distributed throughout the spectrum and 
the exposure continues for many hours a day five 
days a week for many years. 


Through our studies on 


temporary threshold 
shift and some studies on specific industrial groups, 
we are convinced our guess was not too far oft 


but perhaps should be modified slightly as follows 

The levels in the 300-600 eps band can be as high 
as 90-95 db. The levels in the following bands 
600-1,200 and 1,200-2,400 should remain around &5 
db. We 


levels in 


that when 
90 db., 
after 15 or 
You 
the exceed &5 
db., the more necessary ear protection becomes 


have studies which show 


the 


these bands significant 


exceed 
result 


hearing losses 


more years of 


daily will 


continuous 
stated that 


exposure 
the 


notice we 


have more levels 

If the many factors, such as personnel turnover, 
intermittent exposure, lower losses in the speech 
frequencies, are considered expect your. state 
ment that these levels can vary between 85 and 90 
db. is reasonable. I these 
qualifications should be mentioned if you suggest 
90 db. as an We are quite certain 
that if are exposed to 90 db. in these bands 
(600-1,200 and/or 1,200-2,400 eps) for more than 


5 hours a 


believe, however, that 
upper limit. 
men 
day 


week for 


sustain a 


five days a 
will 


more than 


15 years, they significant hearing 
Practically, this will apply to a relatively 
small number of workers. Not very many workers 


are exposed continuously to steady noise for more 


loss 


than 5 hours a day every work day for more than 
15 vears 
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It should be emphasized that in making 
the above statement Dr. Glorig has not sug- 
gested abandonment of 85 db. per octave 
band as the desirable goal for hearing con- 
servation. He has merely stated the trend 
in thinking concerning modifications that 
may be indicated on the basis of current 
information. He suggests that under the 
conditions indicated the risk will not in most 
cases be excessive if noise levels are main- 
tained between 90 and 95 db. in the 300 to 
600 cps band and between 85 and 90 db. in 
the 600 to 1,200 and 1,200 to 2,400 eps 
bands. 


In closing, a few brief remarks should 
be made concerning the additional consid- 
erations interjected when attempting to 
recommend standards for establishing legal 
liability. It has been emphasized that the 
85 db. per octave band recommendations are 
based upon many years or a lifetime of ex- 
posure, 

Here complications are interjected because 
of the substantial portion of the nonin- 
dustrial population which will have hearing 
losses due to nonoccupational causes and 
the fact that in most states only a short 
period of employment is required to estab- 
lish a claim against an employer. For ex- 
both and New York 
require only 90 days. Thus, unless the em- 


ample, Wisconsin 
ployer can prove a preexisting hearing loss 
liable 


benefits for the entire loss, even though he 


he may become for compensation 
may have exposed the worker for only 90 
days to a noise level which by these recom- 
mended standards would produce a hearing 
impairment only after many years of 
exposure. 

The often stated opinion that employers 
can solve this problem by having otological 
and audiometric examinations made of all 
new employees is somewhat unrealistic. This 
is, Of course, practical for the large plant 
with an established medical department. We 
must that an 


whelming majority of American workers 


recognize, however, over- 
work in small plants, in towns of various 
sizes, Where in many cases facilities for 
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audiometric examinations are not available. 
Even where available as a fee service from 
nonindustrial otologists, the cost may become 
prohibitive in the minds of many employers 
in industries with high labor turnover. 

Industry spokesmen and compensation 
authorities often state that in establishing 
legal standards some consideration must be 
given to the practical considerations and the 
general intent of the workmen’s compensa- 
tion laws. Their feeling is, in general, that 
in establishing legal standards the legislators 
should provide compensation benefits only 
where the hearing loss is in excess of the 
amount found in the general population and 
due to nonoccupational causes or where the 
impairment is sufficient to result in an im- 
pairment of earning capacity. It is argued 
that recognition of these factors would bring 
the cost of control measures, including ex 
aminations, within more reasonable bounds, 
since the field would be narrowed to those 
industries with noise levels high enough to 
produce hearing losses sufficient to impair 
the workers wage-earning capacity. 

These considerations were clearly recog 
nized by the Z24-X-2 Subcommittee of 
American Standards Association in its re- 
port. In their conclusions, the committee 
states: 

Standards and criteria for tolerable noise exposure 
cannot be 
on at least the 
kind and 


sufficient handicap to be considered undesirable ? 


reached 
What 


constitutes a 


formulated until decisions are 
following questions: (1) 
amount of hearing loss 
What role should presbycusis play in the setting 
of such a figure? (2) What percentage of the peo 
ple exposed to industrial noise should a standard 
be designed to protect? In view of the large in 
dividual differences in susceptibility to noise expo- 
sure, should a noise standard be aimed at preventing 
hearing losses in 50%, 90%, or even 99% of the 
population ? 

These are problems beyond the scope of 
the scientific and engineering professions, 
even though technical data must obviously 
be the starting point for any necessary 
compromises. 


Throughout this discussion | have avoided 
the expression of personal opinions but have 
attempted to extract from the published 
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literature the best possible indications of 


where the trends are leading. If they have 
shed some light on this subject they will 
have served their purpose. 

20 N. Wacker Dr. (6). 
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Health Aspects of Production and Marketing of 


Chemicals 


C. BOYD SHAFFER, Ph.D., New York 


Kconomic well-being in the chemical in- 
dustry demands a continuing flow of new 
products, preferably as many as possible of 
which should have been hitherto relatively 
unknown. The occasional product which be- 
comes a major material of commerce is 
invariably culled from a long succession of 
compounds that have reached varying stages 
of laboratory, pilot-plant, or field-trial de- 
velopment. While these products may never 
become saleable items, all of them entail 
some degree of human exposure of which 
recognition must be taken. The detection 
and elucidation of health hazards in a chang- 
ing pattern of output, their control in the 
working environment, and the dissemination 
of information thereupon to customers and 
users pose problems to the manufacturer 
that are unique in industrial experience. 

The role of the industrial toxicologist in 
commercial chemical development is a sub- 
ject that has been dealt with on several 
occasions in the recent literature, and it 
would be repetitious to pursue this line of 
approach further.'? It is the object of the 
present discussion to indicate the comple- 
mentary roles of the industrial physician 
and the industrial hygienist in a_ fully 
integrated occupational health — program. 
Conservation of health has been attained 
most effectively in the chemical industry 
where cooperation between these disciplines 
is greatest. 

Some knowledge of the toxic properties 
of new molecules is gathered usually quite 
early by manufacturers having appropriate 
facilities, and we attempt to obtain L. D.50's 


From the Central Medical Department, American 
Cyanamid Company. 
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on as many bench scale preparations as 
possible. The species and route of adminis- 
tration will be determined by the amount of 
sample available. Support of the chemists 
in this effort is secured better through a 
cultivation of personal contacts than by 
administrative directive. As a compound 
appears more commercially attractive, ad- 
ditional toxicological investigations will be 
carried out. By the time its availability will 
be advertised in the trade literature and 
a 1 lb. sample furnished to any potential 
customer, we feel that we should have the 
full complement of “range-finding”’ toxicity 
data, including a subacute study. We at- 
tach some importance to the latter point. 
Toxicologists are generally aware that the 
subacute effects of a chemical may _ be 
qualitatively and/or quantitatively quite dis- 
similar from its acute manifestations; 
nevertheless, repeated dose tests still do not 
find much favor in preliminary examina- 
tions. 

A relatively small amount of toxicological 
work may suffice to reveal extreme or un 
usual hazards of a compound, other than 
carcingogenicity. Granted that a high degree 
of hazard is present, we can discern two 
types of situation to which different con- 
siderations must apply. The first of these 
is exemplified by tetraethyl lead or benzidine, 
where the use is either captive or limited 
to a small number of industrial users knowl- 
edgeable in the handling of toxic chemicals. 
The second is represented by certain highly 
toxic pesticides which must be expected to 
undergo relatively widespread distribution 
to the general public and be handled by 
many persons whose know-how may be 
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limited to the ingenuity necessary to open 
the container. 

The existence of serious hazard in the 
manufacturing process alone does not intro- 
duce any considerations that require a new 
frame of reference, A certain amount of 
hygienic control is exerted in most opera- 
tions, and whether this factor is weighted 
lightly or heavily, the decision to enter the 
field still rests solely on an appraisal of the 
of the investment in 
the anticipated return, This circumstance is 
aptly summed up in the oft-repeated truism 
that any manufactured 
safely if its economic importance warrants 
the this. 
However, there is a toxicity consideration 
that is that 
economic importance will never materialize 


size relation to 


material can be 


measures necessary to achieve 


even more basic; namely, 
if the product cannot be handled and used 
safely. Where problems of health carry 
over into marketing, the manufacturer loses 
direct control although not necessarily re- 
sponsibility, and must rely on a program of 
education.*» forecast of 
effectiveness of such a program is a factor 
not quite like any other in the economic 
picture. Whether or not the distinction be- 
tween the problems of production and those 
of marketing have been lucidly drawn, 
suffice it to say that a 
manufacture arrived at 
toxicity occurs with sufficient frequency that 


the possible 


decision not to 


for reasons of 
it cannot be considered a rarity. 

Every process description transmitted by 
our Research Division to an operating divi- 
sion the 
hazards of the end-product and principal 
intermediates. Moreover, most manufactur 


contains statement of toxic 


ing operations are routinely under surveil- 
lance of our plant medical departments, 
which include industrial hygiene functions. 
Once it has been decided that exploitation 
of a hazardous chemical will be undertaken, 
the health 
important part of the production and _ sales 
effort. 
by our experience with the insecticide 


industrial services become an 


This circumstance 1s exemplified 


parathion. It was evident very early in the 
development of this product that workmen 


Shaffer 


would have to be protected against inhala- 
tion of and skin contact with not only 
parathion itself but certain intermediates. 
As increasing amounts of toxicity informa 
tion became available, they were translated 
by our hygienists into measures necessary 
for worker protection, extending from pre- 
pilot operations to full-scale plant produe- 
tion. An of some of 
safeguards may be of interest. Raw ma- 
terials are emptied into reaction kettles 
through 


enumeration these 


mechanically exhausted hooded 
enclosures about kettle manholes, and the 
various stages of synthesis are carried out 
in closed systems properly vented to scrub- 
bers. Local exhaust ventilation is applied 
at all points where tools are opened for 
inspection, where sampling is done, or where 
vapors might escape as at pump packing 
glands. Centrifuges and filters are enclosed, 
as is the final product drumming’ station. 
The process area of the building is isolated 
for this one production, and exhaust ventila 
tion for the general area has been installed. 

Operators are provided with written in 
structions listing precautions to be observed 
at each step in production, These instruc 
tions are periodically reviewed as part of 
an employee training program. Separate 
shower and locker room facilities for these 
personnel are provided in a nonoperating 
area of the building, together with a lunch 
room independent of the plant cafeteria. 
Operators are furnished daily with freshly 
laundered white coveralls, underwear, socks, 
and cap, and a laundry for these garments 
is located within the operating building. 
tach operator receives rubber gloves and 
boots, a respirator and goggles. The parti 
cular type of rubber glove was selected after 
a study of product penetration through dif 
ferent samples. A swab test for parathion 
was developed for use inside kettles before 
maintenance 
This and 


equipment to locate spills and determine 


personnel are permitted to 


enter, test is used on floors 
the adequacy of clean-up. All maintenance 
personnel are required to be properly clothed 


and observe the same precautions as do the 
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operators, and visitors are required to be 
similarly dressed. 

The story of parathion also serves to 
illustrate the success of an educational pro- 
gram in the prevention of illness in the 
marketing and use of a highly toxic product. 
In putting our own house in order, it would 
have been short-sighted to neglect the fact 
that those companies who were to formulate 
and market dusts, wettable powders, and 
emulsifiable liquids of parathion would be 
confronted similarly with problems of health 
maintenance among their employees. Like- 
wise, the safety of agricultural workers in 
field application of these products would 
have to be considered. 

More than 125 visits were made by mem- 
bers of our industrial hygiene staff to com- 
panies that were to formulate parathion for 
marketing. The plants visited were provided 
with manuals section on 
engineering recommendations for control of 
health hazards. Included schematic 
drawings of typical dust-mixing equipment 
designed for vapor and dust control. Advice 
was given on unloading parathion liquid 
from drums, on impregnating closed 


containing a 


were 


mixers, on dust control in loading mixers or 
in dumping into the boot of an elevator. 
k:nelosed and exhausted bagging and drum- 
filling stations were sketched. Small pack- 
aging procedures were restricted to hooded 
and exhausted booth enclosures. Protective 


clothing and personal cleanliness were 


stressed, Aid to customers in monitoring 
their work environment was given by pub- 
lication of 
analytical techniques. 

In instructions were 
prepared for the avoidance of worker con- 


air sampling and chemical 


addition, printed 


tact with the insecticide during crop dusting 
or spraying. Convenient pocket-size cards 
were supplied for the use of pilots and 
spray crews engaged in aerial application. 
Respiratory protective devices were devel- 
oped, and their manufacture, distribution, 
and use encouraged. 

Another phase of our Central Medical 
Department activity in connection with this 
product has been the preparation and pub- 
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lication of toxicological data both in the 
scientific literature and product bul- 
letins.** Also widely publicized and dis- 
tributed to physicians has been information 
on the diagnosis and treatment of the illness 
resulting from excessive absorption. A 
scientific exhibit on the hazards of phosphate 
ester insecticides was prepared pre- 
sented at a number of national medical and 
public health meetings. 

A mere recital of the steps taken in 
dealing with the health hazards of parathion 
is less illuminating than an analysis of the 
factors that were responsible for their suc- 
cess. In there were two 
elements present without which successful 
commercialization of the product would have 
been rendered infinitely more difficult, if 
not impossible, regardless of how well inten- 
tioned the effort. The first of these is the 
nature of the toxic action to humans, and 
the fact that its mechanism is well under- 


my opinion, 


stood, The onset of illness following exces- 
sive absorption is prompt; the injury is 
purely biochemical in nature, and, if the 
patient survives, there is no residual damage. 
If the dosage has not been massive, it may 
be effectively counteracted by early treat- 
ment. Secondly, there available a 
yardstick with which to measure the ade- 


was 


quacy of every precautionary measure that 
instituted. This 
esterase activity test for the detection of 
incipient absorption. With test the 
physician may be alerted to impending ill 


was is the blood cholin- 


this 


ness in time to prevent clinical signs. 

The basic toxicological information neces- 
sary, therefore, for control of a health 
hazard consists of (1) fundamental knowl- 
edge of the mechanism of injury, and (2) a 
means of determining the point at which 
an individual is approaching his maximum 
tolerable absorption. These facts are not 
always as relatively easy to come by as they 
were in the case of parathion. For some 
years now we have been aware of the con- 
siderable commercial potentiality of a gelling 
agent containing acrylamide monomer, but 
we still have far to go in assessing the 
significance of the animal experimental re- 
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sults in relation to human exposure. 
Evidence is slowly accumulating, however, 
and recently the availability of experimental 
quantities of a product has been advertised. 
Replies to this advertisement are carefully 
screened, and those that appear to involve 
medical or dental applications are sent one 
type of letter, whereas obviously industrial 
Both 
letters call attention to the toxicity state- 


users receive another type of reply. 


ment which is a conspicuous part of the 
product bulletin. Prospective customers who 
are known to be qualified to handle hazard- 
ous substances safely will receive a sample 
on our own initiative; some enquirers will 
receive none. 

Treatment of this entire subject) would 
be incomplete if it did not include mention 
of the importance of proper labeling. Label 
ing, in its broadest sense, includes all 
written, printed, or graphic matter accom 
panying the article, and is the front line of 
attack on the problem of customer educa 
tion. It has been established by general 
order within our company that no product, 
with certain highly specialized exceptions, 
may be shipped, offered for sale, adver 
tised, or described in company literature 
without the provision of precautionary la 
beling directions by the Label Committee. 
Statements in advertising, letters, or any 
literature issued with regard to a product 
may not be inconsistent with the precaution 
ary s‘atements prescribed by the Committee, 
and statements which imply the absence of a 
particular hazard must be cleared by the 
Committee. 

As Nale*® has pointed out, the writing of 
proper labels is a cooperative venture be 
tween a number of specialists with respec 
tive backgrounds in packaging, marketing, 


law, medicine, and toxicology. As a guide 


Shaffer 


'CTION AND MARKETING 


in this field we have followed the principles 


developed over the past 15 years by the 
Labels and Precautionary Information Com 
mittee (LAPI) of the 
Chemists 9,19 


Manufacturing 


Association, and have found 
that these have served admirably. 

ach new product that possesses unusually 
toxic properties offers a different set of 
problems in customer education, depend 
ing upon the nature of the toxicity and 
the intended these 
problems requires the best efforts of a 


coordinated program of industrial health. 


uses. The solution of 
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State and Local Regulations of Radiation 


SAUL J. HARRIS, M.S., New York 


lonizing radiation is the talk of the town 
today, the town being comprised of those 
of you who have worked in the industrial 
hygiene field for many years and lately have 
been joined by a wide variety of profes- 
sional groups. World conferences on the 
matter of atomic energy have made headlines 
and continue to require the presence of 
many experts on various international com- 
mittees, The subject of radiation hazards 
crops up again and again, whether the 
conferees are discussing the peacetime appli- 
cations of the atom or the problems related 
to weapons development. In the public’s 
mind, the two are closely associated, and 
the discussion of the hazards from one 
manner of application is applied without 
much considered review of the hazards to 
the other. 

Similarly the public hears much on x-ray 
hazards in medical and dental radiography, 
and only recently the hazards to the wearer 
from radium dial wrist watches was again 
raised——without suitable answers one way 
or another, This is common for all radia 
tion discussions; we cannot always give 
answers that are one way or another—that 
are clearly black or white—that the radia 


‘ 


tion exposure is “safe” or “dangerous.” As 
we all know in common industrial hygiene 
practice, we try to determine a reasonable 
figure for the environmental risk for any 
particular hazard and develop appropriate 
engineering control techniques to reduce the 
hazard, recognizing that economic matters 
must also be considered. 

Within the past few years, the matter of 
effecting protection against all forms and 
uses of ionizing radiation has been widely 
discussed, with the net result that state and 
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local agencies have enacted radiation control 
regulations or codes; state legislatures have 
granted rule making and radiation installa- 
tion inspection authority to state agencies, 
and the users of radiation scources are 
being required to register either themselves, 
their sources, or their installations with an 
appropriate state or local agency. In addi- 
tion, a great many radiation installations 
came into being only after the health and 
safety aspects associated with the radiation 
source had been reviewed by the U. S. 
Atomic Energy Commission. Every use of 
government-produced radioisotopes or nu 
clear materials must be licensed at the start. 

It hardly needs stating again that the use 
of radiation preceded the large government 
atomic energy program by several decades. 
The radium dial painting problems of the 
early 1920's resulted, in 1931, with a request 
for the establishment of a radiation protec 
tion regulation by the Division of Industrial 
Hygiene of the New York State Department 
of Labor. The request, denied at the time 
because of limited application to a then 
small industry, was an early recognition of 
the need for state agencies to see that radia 
tion workers were protected against the 
occupational environmental conditions aris 
ing out of the use of radiation. 

Among the early regulations was a New 
York City ordinance adopted in 1922 as 
part of the City Sanitary Code requiring 
that all radiation emanating from an x-ray 
unit be confined within the installation and 
that all x-ray laboratories be operated only 
under a permit. I am sure there were 
similar regulations in at least a few other 
sections of the country. 

In 1953, it became apparent that it would 
be only a matter of time before nongovern- 
ment groups would be able to own and use 


i 


atomic energy material which had been 
developed under a government monopoly 
during the wartime Manhattan project. Ac- 
cordingly, in New York State and in 
California, state agencies initiated work on 
state codes, 

3y the end of 1955, California and New 
York had adopted comprehensive radiation 
fact, both the State 
Health Department and State Labor De- 
partment in late 1955 had adopted similar 


codes in New York State, prescribing per- 


protection codes. In 


missible limits and requiring registration of 
radiation installations. Both codes carried 
in their respective introductions statements 
attempting to spell out the jurisdiction of 
each with respect to the other. 


As of this 


( Connecticut, 


date, five other © states 
Massachusetts, Michigan, 
Pennsylvania, and Texas) have followed 
suit and adopted broad comprehensive radia 
tion codes requiring registration of radiation 
sources. All of these have been based, to 
some extent, on the Suggested Regulations 
contained in the National Bureau of 
Standards Handbook No. 61, Appendix B. 
This handbook, developed by a special sub 
the National Committee on 
Protection (NCRP), 


1955, 


committee of 
Radiation was pub 


lished in) December, and included 
many of the concepts which went into both 
New York State codes. In the 
numbers recommended for permissible limits 
and exemptions, Appendix Booof NBS 
Handbook No. 61 was more like the New 
York Health Department Code. 

In early 1955, the U. 
Commission published its proposed “Stand 


terms of 


S. Atomic Itnergy 


ards for Protection Against Radiation” in 
the Federal Register. These standards were 
to be the official AEC regulations ( Part 20, 
Title 10, CFR) applied to AEC licensees. 
Many of the concepts in this proposal were 
available when the New York State Labor 
Department code advisory committee was 
meeting and the numbers proposed by the 
AKC for permissible limits and exemptions 
were accepted by this state agency. Any 
differences in the two state codes therefore 
reflect the the 


between 


basic differences 


Harris 
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recommendations of the NCRP’s special 
subcommittee and the AEC’s regulations. 
The AEC’s proposals became final only in 
February, 1957. 

In addition to the seven states which have 
now adopted comprehensive radiation codes, 
nine states require registration of radiation 
sources (Colorado, Delaware, Illinois, Kan 
North Dakota, South 
Dakota, Wyoming, and Alaska). Radiation 
regulations have also been adopted in South 


sas, New Jersey, 


Dakota which are, in effect, as all-inclusive 
as any of the broader state radiation codes. 

As we approach the city level, we find that 
only the New York City Health Department 
has adopted the type of broad code in effect 
on the The New York City 
registration of — radiation 


state level. 


code requires 
sources even if they have previously been 
registered with the State Department of 
Labor or licensed by the AEC. ach regis 
tration of an installation must be accom 
panied by the payment of a permit fee of 
$15.00 for the first two years and $10.00 
for The City 
of Ann Arbor, Mich., requires that all users 


each successive two years. 
of radioactive materials must register with 


clerk. 


Philadelphia and Cincinnati, are enforcing 


the city Some cities, such as 


the state adopted codes. Other cities have 
separate requirements regarding the safety 
of radioactive materials during shipment 
The requirement for registering radiation 
the 
need for the state or local agency responsible 
for health to 


sources or installations 1s indicative of 


know where the radiation 
problems are that need controlling. It is 
one thing to set a permissible limit) and 


maintain all) occupational radiation ex 
this 


radiation 


posures below limit. 
that all 
trolled that the maximum is not exceeded, 
that 


present from natural sources without anyone 


But, in stating 


sources must be so con 


we have to recognize radiation is 
knowing that it is present. The registration 


requirement is intended to place the 
responsibility for recognizing that a radia 
tion hazard may exist on the person who 
the 


owner of the source. The act of requiring 


first decides to put the source into use 
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registration alone is considered the most 
important step in effecting control. 

Obviously, one cannot attempt to control 
all radiation sources, since there are many 
hundreds of thousands of small radiation 
sources in common use today throughout 
the country. Radium dial watches and 
clocks, radium lamp cord pulls, radium 
switch plates, isotope-containing electronic 
tubes, radium and polonium static elimina- 
tors, and even home television sets are 
radiation sources. But all of these devices 
produce such low-intensity radiation, or 
such low-energy radiations as to be either 
no hazard at all or contain built-in design 
features that prevent any serious hazard 
from coming out of the device. 

A system of exemptions from the applica- 
tion of the radiation limits or, registration 
requirements is present in almost every code, 
including that of the AIC. The exemptions 
are usually based on low quanitity of 
radioactive material or low intensity of 
radiation, For electronic equipment, the 
exemptions are usually based upon the 
maximum accelerating voltages possible 
within the electronic circuit which can be 
applied to electrons in a vacuum, On the 
supposition that accelerating voltages below 
16,000 volts will not produce x-rays which 
will penetrate the glass or metal container 
around the picture tube or rectifier tube, 
domestic television sets are exempt. It has 
become increasingly apparent that as televi- 
sion circuits require higher output voltages, 
the radiation hazards must be kept in mind. 
In many codes, the repair or servicing of 
television sets is not automatically exempt 
since the repairmen may run the accelerating 
voltages up appreciably during testing. 
Similarly, special high-voltage equipment 
used in television studios with accelerating 
voltages in the 40,000 volt range has been 
registered in at least one state. 

Other exemptions have been applied to 
naturally occurring materials, with the 
qualification that the specific activity should 
not exceed that from naturally occurring 
potassium. 
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At the present time, there exist several 
model laws or sets of regulations through 
which a state or local agency may obtain 
control over radiation sources. The material 
developed by the National Committee on 
Radiation Protection and Measurement has 
been discussed. Their recommendations, 
consisting of both a model set of administra- 
tive rules and a model state statute for 
consideration by the state legislature, call 
for registration of sources. The model 
statute also includes a recommendation for 
centralized responsibility for all radiation 
hazards within a state. The administrative 
regulations contained in the current version 
of Handbook 61 are under review and a 
draft for a revised appendix is now being 
circulated amongst the special subcommittee 
with the anticipated date for final approval 
being later this fall. 

The U. S. Atomic Energy Commission 
has also recommended that states interested 
in enacting radiation protection rules con- 
sider the provisions contained in_ their 
“Standards for Protection Against Radia 
tion” as the basis for state and local stand 
ards. As indicated above, a few states have 
attempted to combine the Al-C’s regulations 
with the NCRP recommendations, notably 
the New York State Department of Labor, 
the Connecticut Department of Health, the 
Massachusetts Department of Labor and 
Industries, and the Pennsylvania Depart 
ment of Health. 

Another model radiation statute was de 
veloped by the American Public Health 
Association’s Program Area Committee on 
Radiological Health. This model act recom 
mends centralization of radiation protection 
in the state health department with a radia- 
tion commission. In fact, the Committee, 
recognizing that all states do not have 
equivalent administrative structures have 
developed their model act with and without 
the special commission, The State of New 
Jersey, on July 8, adopted this bill almost 
verbatim. 

Concurrent with the efforts of the NCRP 
and the AEC to promote uniformity among 
the radiation protection standards used by 
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the states and localities, there has been 
established a special subcommittee under the 
American Standards Association’s Sectional 
Committee N-2, General and Administra- 
tive Standards in the Nuclear Energy lield, 
to hopefully study the new NCRP recom- 
mendations these 
standards of the AEC in such a manner that 


the basic technological standards are identi 


and combine 


cal and that the concepts in effecting control 
are as uniform as possible. It is hoped that 
this document will be widely accepted by 
the states. 

Besides those states which currently have 
radiation codes or require registration of 
sources, a great deal of attention to radiation 
hazards is being given by many other states. 
In the 16 states of the South, a proposal 
to establish, by interstate compact, an inter 
state agency in atomic energy been 
approved, with activities to include “regula 
tion of radiation hazards. . .by formulat 
ing and suggesting types of regulations and 
enforcement procedures suitable for the con 
trol of addition, the 
Forum has been told that Minnesota, Ohio, 
Colorado, Idaho, North Carolina, Oklahoma, 


and 


such hazards.” In 


Tennessee have — established study 
groups to investigate the matter of a state 
wide radiation protection code. In all some 
31 states have study groups working on the 
broad aspects of atomic energy or on radia 
tion protection only. 

Within variety of 


state agencies are considering the need for 


each state, a wide 
radiation protection rules, not just for o¢ 
cupational health, but for safety during 
transportation and temporary storage of 
radioisotopes, for safety of fish, game, and 
wildlife, for purity of foods and consumer 
products, for safety of public service 
agency employees such as police or firemen 
in the event of an emergency, — for 
minimizing radioactive air and water pollu 
tion and public health. In 
Public 


Health commented in December, 1957, that 


for general 
Massachusetts, the Department of 
“there are approximately 52 departments, 
divisions and agencies of the state govern 
ment having primary, secondary and fringe 


Harris 


with the 


interests in matters pertaining to the con- 
trol and regulation of radioactive materials.” 
The study also revealed “that there is con 
siderable overlapping of interests due not 
only to the unusual nature and complexities 
involved in the effective control and regula 
tion of also in 
structure of the 


radioactive materials but 
part to the 


government.” 


basic state 
As we progress lower and lower into the 


governmental structure within a= state to 
the county, city, town, and village levels, 
we find that, in the name of safety or 


health, local agencies have enacted laws or 


ordinances regulating a wide variety of 
things. These agencies are including in 
their ordinances references to radiation 


problems, granted they have only. started 
such action, The New York State Building 
Code for General Construction contains in 
Section C-514 a requirement that ‘where 
equipment or material producing x-ray or 
gamma ray radiation is to be installed, used 
or stored, adequate shielding or other means 
shall be conformity with 
generally accepted standards so as not to 
The 


need 


provided — in 


create a health or physical hazard.” 


latter was intended to refer to the 


to consider structural safety building 
barriers against gamma rays. This code has 
been put into effect in over 200 cities, towns, 
and New York State. The 


lorum has been informed that serious con 


villages in 


sideration is being given to atomic hazards 
and radiation problems in current attempts 
to develop regional industrial planning. In 
a proposed rezoning plan for a major city 
in the eastern United States, the classifica 
tion system suggested by the planning group 
for nuclear facilities would have placed most 
radiation sources above 20 curies, a com 
paratively modest radiation source, in the 
most inaccessible area of the metropolis and 
certainly excluded major nuclear facilities 
within the usual industrial areas. 

The New York City 
Health, as noted above, has adopted a broad 
radiation code. 


Department of 


In addition the department 
is planning to develop a list of approved 


film badge companies which will be provided 
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to all radiation users who are required by 
the city to subscribe to such a service. The 
city has invited film badge companies to 
forward 10 unexposed badges so_ that 
calibrated exposures can be made by the 
Department of Health and the badges re- 
turned for processing. On the basis of the 
data reported to the department, the com- 
pany will be included on, or excluded from, 
the list. 
Although 


we are discussing radiation 


exposure controls, a wide variety of state 
responsibilities are being studied which are 
affected by radiation problems. Workmen's 
compensation, property and liability insur- 
ance, and liability law are being studied to 
determine the effect of radiation injury 


upon the present policies and statutes which 
apply. Only this month it was announced 
New York 


State was instituting a radiation damage 


that a radiation physicist in 


claim under workmen’s compensation, 
stating that he had received in the order of 
1,000 r 


the basis of anticipated life-span shortening. 


and was entitled to restitution on 


The licensing of radiation protection pro 
fessionals is also under consideration in a 
few states. 

In this brief paper, | have tried to indicate 
the sweep of the efforts currently being 
undertaken by states and localities in ob 
taining control over radiation hazards and 
to summarize the most significant. It would 
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seem apparent that states and localities are 
moving steadily to extend their existing 
regulatory and control authority to cover 
radiation-hazard problems. In in- 
stances, they are adopting specific radiation- 
control requirements. In instances 
they redefining such as 
“dangerous materials” or “toxic chemicals” 
to include radioactive materials, thereby 
extending entire codes and sets of regula- 
very technique 
found useful to control other health prob- 
lems is being utilized in one state 


some 


are concepts 


tions to atomic products. 


(or 
locality) or another to keep the radiation 
problems in line with nationally recognized 
standards. 

With 


some 45 state legislatures meeting, The 


1959 is a major legislative year. 


Council of State Governments has planned 
a series of recommendations for state legis- 
latures regarding atomic energy and_ the 

The National 
Protection 


associated radiation hazards. 


Committee on Radiation and 
Measurement is preparing a revised model 
radiation code for publication later this year. 
The 16 Southern States are working on an 
interstate compact on atomic energy. If 
this summary of the present status seems to 
indicate wide current interest by the states 
and localities, | can only echo what must 
be the Milwaukee Braves’ thinking, “Wait 
til next year.” 

Forum, Inc., 3 E. 54th St 
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Hygiene of Welding in U. S. Naval Shipyards 


ERNANI D. STORLAZZI, B.S., Boston 


Welding and burning in naval shipyards 
is big business. There are over 6,000 
mechanics engaged in welding and burning 
operations in connection with the construc- 
tion and repair of ships in U. S. Naval 
Shipyards. These 6,000 expose another 
60,000 employees to the fumes and = gases 
associated with welding and burning. One 
who has only seen welding and burning 
done on a shop bench by one mechanic 
working under favorable conditions cannot 
fully appreciate the complex problem of 
protection necessary when the work is per 
formed several decks below with no ports to 
the outside. Until one has crawled through 
several bays of a double bottom only 18 in. 
high to get to a welder, he does not ap 
preciate how confined “confined welding” 
can be. 


Welding 

Welding processes proved their poten 
tialities so forcibly during the World 
War IT era that they became standard and 
riveting became substandard. The con 
venience and Hexibility of these processes 
lend themselves ideally for the fabrication, 
repair, and alteration of naval vessels. The 
combining of metals by welding consists 
fundamentally of heating to their melting 
points One Or more parts to be joined and 
then causing proper fusion. Actually there 
are approximately 37 different welding 
processes in use. The commoner methods 
employed in shipyards include are welding, 
with use of a shield of coating or inert gas; 
gas welding, with use of oxyacetylene; re 
sistance welding, and brazing. 

The degree of atmospheric fume con 
tamination is dependent on the composition 


Head, Industrial Hygiene Division, Boston 
Naval Shipyard. 


of the materials being heated, and to this 
is added the oxidation products of the 
coatings on the parts being united or 
separated. These contaminants increase 
when the inert-gas metal-are welding and 
cutting processes are used. Various studies 
conducted by, or for, the U.S. Navy Bureau 
of Ships brought out the facts that inert-gas 
shielding around the are doubles the in 
tensity of ultraviolet radiation and that this 
intensity inereases with higher current 
densities. The ultimate found was 5 to 30 
times more ultraviolet radiation and one and 
one-half times more infrared radiation. In 
addition to the above, it was found that 
ozone, oxides of nitrogen, and metal-fume 
generation were greater than with shielded 
rods and, also, that argon was a more serious 
offender than helium. 

(;reater personal protection has been 
necessary to cope with the increases in 
contaminants and radiations. Clear glass 
does not give the degree of protection af 
forded other types of welding. Investigation 
of an actinie-ray ophthalmia case, who 
claimed he wore his safety goggles, un 
covered the fact that he had worn them. 
Some welders turned to tinted-lens safety 
goggles for use under their helmets and 
increased the face-shield lens from No. 10 
tint toa No. 14 tint. To remove the oxida 
tion products from the breathing area of an 
operator of an automatic inert-gas welding 
unit a perforated tube was secured to the 
upper bracket of the machine and by passing 
compressed air through the perforations the 
oxidation products became entrained and 
dispersed. A Bureau of Ships investigation 
further revealed that the intensity at 2 ft. 
from the argon-shielded are with c¢ msumable 
electrode has been found to be high enough 
to produce a reddening of the skin in a few 


47/307 


A. 


seconds and a severe skin burn in a few 
minutes, Clothing, especially cotton goods, 
deteriorated so rapidly that further caution 
was necessary in examining clothing for 
radiation leaks that might cause skin burns. 

In spite of the foregoing, the inert-gas 
process has proved so successful for the 
welding of aluminum that it is the method 
of choice. 

Aircomatic Welding of Manganese Bronze 
Propellers 


propeller wheels are chipped out, and then 


laws in manganese bronze 
wire of the same composition is welded into 
the crevice and later ground to a smooth 
surface. These propeller wheels contain no 
lead, but they do contain up to 15 zine; 
consequently, considerable fume is given off 
in the welding operation, The ozone concen 
trations found have been from 0.02 to 0.05 
ppm, and, although this operation is’ per 
formed within 20 ft. of a trichlorethylene 
degreaser, irrespective of the shield used, 
The usual 
3 in. welding-fume exhaust line effectively 


no phosgene has been found. 


captured the fume within a zone of 6 in.; 
however, the inert-gas shield) was broken 
and a poor weld resulted. It was observed 
that the fumes rose vertically from the weld 
area, so an 1818 in. square hood tapering 
toa 6in. round collar was connected through 
a 1,000 cfm blower exhausting outside the 
building; when this hood was positioned 
18 in. above the weld location, over 90% 
of the fume was captured and discharged 
outdoors. This system did not disrupt the 
gas shield and proved sufficiently successful 
to eliminate complaints from workers in 
galleries directly above the area. 
Galvanized Metal Welding. 
struction a 


In ship con 


fair amount of welding and 


burning is done on galvanized iron. Iresh 
water tanks and a good deal of the piping 
running through tanks are galvanized. 
Many “confined space” exposures result 
when welding and burning are performed. 
On occasion the galvanized coating is re- 
moved from areas to be welded. A solution 
of 12% |b. of copper chloride, 2 gal. of 
concentrated hydrochloric acid, and 3 gal. of 
water was applied by brush on a 2 in. strip 
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where another plate was to be welded. The 
acid action continued until all the zinc was 
dissolved, and at this point, the copper was 
reduced and a copper plating of the steel 
resulted. The zine was removed to lessen 
the hazard when welding and to eliminate 
the possibility of the weld puddling because 
of its presence. 

The uncomfortable effects of metal-fume 
fever on persons combined with the efforts 
of the Industrial Hygienists at U. S. Naval 
Shipyards has successfully reduced the num- 
ber of cases. What was once a very common 
occurrence has now become a rarity, [rom 
October, 1956, to September, 1957, four 
cases of metal-fume fever from welding or 
burning were reported at the Boston Naval 
Shipyard, and 1957, to 


September, 1958, there was only one case 


from October, 
reportec 

Two principal reasons for the low in 
that (1) our welders flatly 
refuse to weld on galvanized iron unless 


cidence are 


local exhaust ventilation is available, and 
(2), as was stated previously, no burner 
will undertake burning operation without 


The 


chanics in the area are protected by general 


air-supplied — respirators. other me 


ventilation or by wearing fume respirators. 


Burning 


A cutting or burning process usually does 
not produce as high gas concentration as 
welding but significantly greater fume con 
centrations. The cutting process is used to 
In effect, 
the flame elevates the metal to its ignition 


sever, gouge, or pierce metals. 


temperature and then a jet of pure oxygen 
will cause rapid oxidation, and at the same 
time the force of the jet will run the molten 
metal off, leaving a cut. 

Metals which do not oxidize readily 
require that a fluxing agent be employed. 
This can be in the form of carbon, iron, 
chemicals, and metal powders. Manganese 
steel is readily cut by using iron powder 
with cutting flame. A simple but effective 
installation for controlling the oxidation 
products at a manganese steel burning table 
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was devised by enclosing the bottom of the 
table on three sides and exhausting 1,500 
cfm through duct-work to the outside. The 
open face was 3x5 ft. The face velocity 
produced was sufficient to control the oxida- 
tion products. 
Lead Burning.—\ead burning has not 
been too common shipyards, but its 
popularity is increasing with the advent of 
nuclear-powered ships. One mechanic pres- 
This is 
done by butting the edges of two lead plates 
and gently melting the joint with a torch 
until a uniform seam results. 


ently performs all lead burning. 


The lead-in 
the 
temperature needed is only slightly above the 
melting point. One study was made of this 
operation, and less than 0.01 mg. per cubic 
found. The burner’s urinary 
lead was 0.02 mg. per liter 


air concentrations are low because 


meter was 
and his copro 


porphyrin level was normal. 

Urinalyses for lead have been done 
quarterly on 10 naval inspectors employed 
at a contract yard building an atomic cruiser 
where they are occasionally exposed to lead 
burning operations. The urinary lead levels 
have ranged from 0.02 to 0.08 mg. per liter, 
and all coproporphyrin determinations have 
been normal. 

Plate “Bumping.” —At 
various stages of ship construction it is 
necessary to make level deck and bulkhead 


plates which have buckled or developed high 


Shrinking or 


spots when set into place. This operation 
is best done by heating the area with a torch, 
striking the raised area with a heavy wooden 
mallet, and then drenching the spot with 
steam. The process described is known as 
“bumping.” In some instances bumping is 
carried on without the application of a 
steam drench. This is usually done when 
correcting buckled areas in girders in areas 
where steaming is either unnecessary or 
impractical. 

The temperature of — the 
oxyacetylene is sufficient to fix the nitrogen 
of the air and form oxides of nitrogen. 

Four studies of this operation were done. 
A total of 17 samples were taken inthe 
breathing the burners. These 


combustion 


zone of 
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ranged from 1-6 ppm of No. 2. From these 
studies it was concluded that concentrations 
of NOs at workers’ breathing level from 
bumping or shrinking operations were found 
to be within safe limits. This is principally 
due to the intermittent generation of NO» 
because of the operation involved and_ to 
the fact that the deck and bulkhead plates 
which are straightened are usually in large 
airy compartments, 
tanks. It is 
centration of 


gangways, or large 
feasible to increase the con 
NOs in a smaller tank or 
compartment if less natural or mechanical 
ventilation were available. However, this 
possible increase in gas would necessarily 
mean an increase in heat from the torch, 
which would soon become unbearable. 
Therefore, if there is sufficient natural ven 
tilation to keep the temperature near the 
the 


NOs to which the workers 


workers within tolerable limits, con 
centration of 
are exposed while burning oxyacetylene 
through No. 15-20 tips can be readily kept 


below the threshold value of 25 ppm. 


Welding and Burning 

on Paints or Coatings 
A study was made over a period of four 
months to compare the hazards of welding 
red lead primer 
The U. S. Navy 


policy at present is to use lead-containing 


on plates primed with 


and/or zine chromate. 
paints only on exterior steel surfaces. For 
the purposes of this study some lead primer 
was apphed within ships on bare metal and 
The data ob 
tained are shown in the Table. 


on zine chromate coatings. 
The ce melu 
sions obtained from this study were as 
follows: 

lead 


welding or burning on lead-painted surfaces 


(a) There is a hazard whenever 
is done in confined spaces. 

(b) There is a fume hazard from welding 
or burning in such spaces regardless of 
coating. 

(c) There is no hazard from chromium 
oxides evolving from zinc chromate-coated 
plates. 

(d) Overexposure to metal oxides from 
welding or burning on exterior surfaces is 
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Atmospheric Contamination from Welding and Burning on Lead and 
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Zinc Chromate Primers * 


Fume Concentration 


No. Mg/Cu. M. 
Men Resp. Available 
Sample Locations & Descriptions Exposed Protection Ventilation Total Cro, Pb 
Cruiser Compartments 
1. Welding, 7X10X8 ft. room, b. z. t 4 None Sigt. nat’! 11.8 none - 
2. Welding, 6X67 ft. room, b. z 1 None Natural 23.6 none 
3. Welding, 15X8X& ft. room, b. 2. 4 None Sigt. nat’l 80.5 0.02 ~ 
4. Welding, 18X88 ft. room, 6 ft. from weld on 1-2 2 None Small circulating 74, - 54 
mil of lead, compartment closed, fan on fan on 
5. Same as 4, fan off 2 None Fan off 60. - 6.1 
6. Same as 4, fan on i] None Fan on 81.4 3.8 
7. Same as 5, fan off 1 None Fan off 90.8 6.9 
Oil Tanker 
8. Welding in cofferdam 5X12X40 ft., coppus blower 1 Fume Coppus supply 86.7 0.03 
supply, 6 ft. from weld, 2 ft. from open hatch resp. blower 
9. Same as 8, blower off 1 Fume oft 200. 0.06 _ 
resp. 
10. On deck, 1.5 mil lead paint, under catwalk, b. z 1 None Open air 47. none 0.9 
11. Same as 10, more confined area, b. z. 1 None Open air 74.3 none 0.7 
12. New catwalk, lead paint, 3 ft. from weld 1 None Open air 9.5 none 0.02 
Destroyer 
13, On deck, burning rivets lead coated, b. z. 1 None Open air 10.5 none 0.21 
14. Burning through lead painted metal 8127 ft. room, 1 None Natural 138, none 0.86 
b. 
15, Same as 14, fume exhauster 10 in, from flame 1 None MSA fume exhaust 61. none 0.28 
16. Welding, 8X15 X8 ft. on bulkhead, 3 in. exhaust, b. z 4 None 1-3 in. exhaust line 62.5 0.08 0.01 
with 97 cfm 
17. Same as 16, ventilation off, b. z. 4 None oft 105.6 0.10 none 
18. Welding on deck, orange coated, 3 in. exhaust, b. z 4 None On 9. none none 
19. Same as 18, no ventilation, b. 2. 4 None of 46.7 0.02 0.01 
20. Burning, 136 X25 ft. room, coating of lead, chromate, 1 Airline 500 cfm Coppus sup- 272. 0.16 0.41 
& white paint, ventilation off, 4 ft. from burner resp. ply; 175-154-143 
efm exhaust lines 
21. Same as 20, ventilation on 1 Airline Exhaust on 47.9 0.06 6.015 
resp. 
22. Same location as 20, burning through lead & 1 Airline Exhaust on 218. 0.05 1.23 
chromate, 3 ft. from burner, all ventilation on resp. 
23. Same as 22, ventilation off, 5 ft. from burner 1 Airline Exhaust off 478 0.015 6.05 
resp. 


* Maximum allowable concentration for continuous 8 hr 
lead, 0.15 mg/cu. m 


+b. z. indicates breathing zone of the worker 


unlikely and is lessened when the worker 
can take advantage of prevailing winds. 
(e) 


fectively employed to remove welding fumes 


Local exhaust ventilation can be ef- 


in confined-space welding. 

In addition to these atmospheric studies, 
lead-in-urine determinations were made on 
30 with known ex 
posures to lead. Lead at a level of 0.02 to 
0.12 mg. per liter of urine was found. 

Vinyl Coatings. 


welders or burners 


Many naval vessels con- 
tain vinyl coatings on their hull or on 
gasoline cargo tanks. These coatings intro 
duce a serious hazard when welding or 
burning is done. The decomposition prod- 
ucts found objectionable by workers include 
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exposures: iron fume, 15 mg/cu. m.; chromium oxide, 


0.1 mg/cu. m.; 


hydrogen chloride, which was found in 


concentrations of 2 to 35 ppm. In no in 
stance, however, was phosgene found. To 
avoid exposures whenever welding or burn- 
ing is to be done on vinyl-coated surfaces 
the vinyl is removed by abrasive blasting, 


scraping, or chipping. On areas where 
vinyl coating precedes welding, an area of 
3 in. on either side of the weld line is 
masked. 


A study was made to consider the ad- 
vantages, if any, of using a vinyl coating 
as a plate primer. The complaints of 
noxious gases from the decomposition of the 
coating were so numerous when welding and 


burning was done that the study was cut 
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short. Zinc chromate primer remained as 
the material of choice. 


Chest X-Rays 


The chest x-rays of all welders, burners, 
and shipfitters taken at the Boston Naval 
Shipyard during the calendar year 1957 
were reviewed to evaluate the respiratory 
hazard associated with their environmental 
exposure. Shipfitters locate position 
plates to be welded and assist in burning 
operations. Their exposure to oxidation 
products is considered equal to that of the 
welders and burners. The total group con 
sisted of 1,083 men, exclusive of super 
visory personnel, with employment in these 
trades ranging from 6 to 41 years, for an 


average Of approximately 18 years. The 
following data were obtained : 
Condition Cases, No 
Primary healed tuberculosis 2 
Pleural thickening (apical ) 1 
Pulmonary fibrosis l 
Healed pleurisy (basal) 2 
Increased bronchovascular markings ] 
Healed adult tuberculosis 4 
Multiple pulmonary calcification l 
Nonmalignant pulmonary tumor ] 
Intrapulmonary hemorrhagic nodule l 
Active tuberculosis l 


In consultation with our roentgenologist 


it was concluded that the x-rays were 


Storlaga 


uninformative as regards any pathology 
which could be directly attributed to oc- 
cupations. 


Summary 


An attempt is made to summarize briefly 
the experience of the U, S, Naval Shipyards 
with regards to welding and burning pro- 
cedures. This experience covers practically 
every type of welding and burning process, 
involving most of the material and coatings 
apt to be utilized in industrial plants in 
general, and includes a total exposed popula 
tion of approximately 66,000 employees. 

Recognizing the inherent hazards involved 
in welding and burning, the Navy has pur- 
sued an active course of education, indoctri 
nation, and protection of all employees 
engaged in this work. That such a_ policy 
not only can but does been 


work, has 


demonstrated by the remarkably low in 
cidence of those physical conditions usually 
manifest in unprotected and uninformed 
employees. 

By the stringent and careful utilization of 
sound industrial hygiene principles, we feel 
that we have practically eliminated the weld- 
ing and burning occupations from the al 
ready too long list of hazardous occupations. 

soston Naval Shipyard 
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Design Conditions in Direct-Fired Radiant Heating 


H. 1. MILLER Jr., M.S., Lackawanna, N. Y. 


Kecently, in the process of planning a new 
industrial building, a review of modern 
methods for comfort heating led to con- 
sideration of radiant heating in one form 
or another, 

A building was required, approximately 
400 ft. long by 100 ft. wide, for use in 
fabrication of large structural steel as- 
semblies and related work. A dozen or so 
welding and flame-cutting machines were to 
be employed at such points in the building 
as immediate need might dictate. The varia- 
tion in job orders would be such that no 
fixed work stations could be established. 

It was agreed that the building, which 
was to have a generally flat roof about 45 ft. 
above floor level, should be provided with 
several powered roof exhausters of sufficient 
capacity to take care of summer heat and 
dispose of welding fumes. Raw and finished 
materials were to be brought in and out of 
the building by rail and truck through large 
rolling doors at each end of the building. 
To assist in summer ventilation, a series of 
sliding doors was planned along the two 
side walls. The roof ventilators were to be 
operated individually to permit variation in 
suitable to work and weather. 
Steam being unavailable, the proposal. in- 


ventilation 


cluded some unspecified direct-fired method 
for comfort heating. 

Some thought was given to spot heating 
in the vicinity of workmen, rather than heat- 
ing the whole building, but the absence of 
hxed work stations would necessitate port- 
able salamanders or oil-fired heaters of one 
kind or another, none of which were thought 
to be adequate. They might also present 
certain unsafe aspects, 

Distribution of heated air, with make-up 
capacity for that removed by exhaust ven- 


Hygiene Engineer, Bethlehem Steel Co. 
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tilators in severe weather, was seriously 
considered and might very well have been 
agreed to, had not direct-fired radiant heat- 
ing been brought to the attention of one of 
our engineers. He began independently to 
study its applications and made a_ strong 
recommendation that it replace some obsoles- 
cent heating equipment in one of our existing 
shops. 

The problem of distributing heated air in 
large industrial buildings presents many 
difficulties. It will be that 
Tucker last year at this meeting outlined 


recalled Fred 
some very remarkable systems installed for 
the purpose at Weirton Steel Co.! 

Without detracting in any way from the 
many useful and advantageous applications 
of heated-air systems, of which the refer 
enced system certainly is one, it was felt 
that the many openings and potentially not- 
so-tight closures in this large building would 
call for a complex distribution system. Even 
with a multiplicity of supply registers there 
would be no assurance of reducing infiltra 
tion due to wind or of adequate mixing with 
cold air entering. In short, cold floors and 
uneven heating could be anticipated. 

The alternative to ducting for distributing 
heated air, toward which many industrial 
establishments incline, is the use of several 
blower type space heaters that take air from 
floor level, and from outdoors as needed and 
throw the heated air appreciable distances 
in attempting to blanket walls and_ floor. 
There are many successful applications, but 
in this instance it was felt that to provide 
both the downward projection and the proper 
mixing with infiltrating air considerable 
air motion would be necessary. There would 
be complaints of drafts; moreover, there 
would be even less uniformity of heating. 


ay 


RADIANT HEATING 


It was this basic problem of tempering 
the incoming air that led to serious consid- 
eration of panel heating of some kind, 
whereby heated surfaces of large area could 
be employed to even out the heat input and 
give some almost universal sensation of 
warmth, Ruled out at once was any warm- 
water radiant floor panel because of area 
and impact loads. First reaction to the idea 
of overhead direct-fired high-temperature 
radiators was negative, on the basis that the 
radiant projection was doubtless inefficient 
and that they would tend to overheat one 
side of a person and allow the offside to 
freeze. Furthermore, a forest of vent stacks 
was visualized, sticking through the roof, to 
carry off the products of combustion, which, 
in the case of natural gas fuel, would include 
about 2 lb. of water per 1 Ib. of gas burned. 
However, after looking at a new installation 
of such units placed about 30 ft. above the 
floor, enthusiasm promptly took hold because 
the heating was definitely good. The floor 
was warm; the materials in process were 
warm; the tools were warm, and the sensa 
tion of pleasant warmth prevailed at an air 
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temperature of 69 I, Outdoors, the tempera 
ture was about 37 I° and the weather was 
damp, cloudy, and windy. 

It was noted that the products of com- 
bustion simply escaped to the building. There 
were no vent stacks other than some powered 
exhausters along the roof ridge that took 
care of general ventilation. 


Two visits were made to this installation 


during weather conditions of some similarity, 


but direct observation during severe weather 
was not possible. The enthusiasm of the 
owners and workmen on these occasions was 
such that a follow-up on our part among 
users was begun immediately. 


A whole series of considerations arose. 


Three installations were visited, and owners 


or operators of four others were contacted 


by telephone in regard to the several matters 
listed below: 

1. Uniformity of heating 

2. Prevention of condensation 

3. Limitations of use 

4. Effect of height and placement of units 

5. Instrumentation. 

6. Protection of cranes and cranemen 

7. Maintenance requirements. 


Fig. 1 Direct-fired 


radiant unit. Reproduced 
by permission of Perfec 


tion Industries 


A 
$3 
3 
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&. Quality and performance guarantee. 
9. Comparative costs 
10. Advantages and disadvantages. 

Lacking firsthand operating experience, | 
but 
will relate pertinent findings and will indicate 


cannot draw authoritative conclusions 
some opinions formed, 

Four makes of heaters were brought to 
our attention, of which one was offered for 
local spot heating only and is not further 
considered here. Of the remaining, Figure 1 
indicates a typical unit. It consists of an 
assembly of one or more perforated ceramic 
panels which form one side of the fuel 
mixture plenum, The gas, ignited by a pilot, 
burns on the outer surface of the ceramic 
and heats it to a bright red glow, about 
1,600 F. 


metal housing, of which an important com 


The units are surrounded by a 


ponent is a bright aluminum reflector, The 
products of combustion simply go to atmos- 


Fig. 2. 


Association, 


Radiant heated grandstand. 
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phere within the building and are removed 
by the general building ventilation, Individ- 
ual panels are rated at 12,000 B. T. U. per 
hour each, using natural gas, or just under 
25,000 B. 
heated ceramic surface. Of this heat, about 
60% 


and the remainder transferred by convection 


. per hour per square foot of 
is claimed to be radiated downward 


and low-level radiation, Units are employed 
singly or in multiple assembly, the largest 
such assembly of this particular manufacture 
dubbed 
brooder.”” The units are claimed to be suit- 
able gas, gas, 
mixed gas, or propane, but the use must be 


being inelegantly an “elephant 


for natural manufactured 
specified, 
ligures 2, 3, and 4 show some existing 
typical applications of this type of heater. 
None of these are in the Bethlehem plants. 
igure 2 is a photograph taken in autumn 
at the grandstand of a racetrack in one of 


Reproduced by permission of Genesee Monroe Racing 
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Fig. 3.—Radiant heated garage. Reproduced by permission of Suor-Keller Chevrolet, Inc 


Fig. 4.—Radiant heated foundry. Reproduced by permission of Columbiana Foundry Co 
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A. 


Tas_e 1.—Temperature Measurements 


at Installation A 


Measured 
Temperature, F 


Location No. 1 (central) 


Air 16 ft. above floor 70 
Air 12 ft. above floor 70 
Air 8 ft. above floor 71 
Ait 4% ft. above floor 71 
Material 4 {t. above floor 73 
Air at floor 73 
Floor surface 77 
Location No. 2 (near outside wall) 
Air 4% ft. above floor 67 
Air at floor 69 


Outdoor air. - 


the northern states. This structure, which 
is open on the track side only, is said to be 
pleasantly heated and to have only one ir- 
ritating problem, which is that gusty winds 
occasionally extinguish the flames and as a 
result the system functions only about 95% 
of the time that heat is required. A garage 
installation, a relatively low-roof building, 
is shown in Figure 3. Figure 4 pictures a 
foundry with units mounted above some 
jib cranes and a bridge crane. 

In taking up the matter of uniformity of 
heating, some temperature measurements of 


interest were obtained, as shown in Table 1. 


TABLE 2. 


Building Use pilot plant 

Floor area, sq. ft &,000 

Height eaves, ft 2 

Roof construction metal with 1 in. insulating 
blanket underneath 

4 outside walls of § in. mason- 
ry to 14 ft. remainder trans 
lucent fiberglas plastic 


Wall construction 


Height of heaters, ft. 40 
Design B.T.U/hr/sq. ft. 144 
input 
Estimated ventilation powered 0.9 


cim/sq. ft. 


Observation See Table Land text 


Users’ opinion excellent system; no conden 


sation except traces on lower 
purlins at 0 F outdoors, will 
install similar systems else- 
where 
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They were taken at Installation A, which is 


Data Concerning Three Direct-F 


described in Table 2. 

Readings with an infrared-sensitive meter 
indicated that 70 to 95 B. T. U. per hour 
were being received at floor level, which 
checks well enough with a figure of 60% 
144 B. T. U. per hour 
input estimated for Installation A in Table 
2. The meter also indicated 1 to 3 B. T. U. 
per hour being radiated upward from the 
warm floor. 


of the estimated 


The sensation of comfort was very good 
and, in fact, contrasted rather remarkably 
with that in an adjacent small bay. This bay 
was heated with a simple unit heater. The 
reading at the thermostat was 70 (about 4 
ft. above floor) and air at floor was at 65 F. 

Direct radiant heating makes the floor a 
large-area warm panel, The air then becomes 
heated by convection from the floor and 
from other solid materials that have re- 
ceived the direct radiation, The amount of 
air that can be introduced by infiltration or 
openings at floor level without undue dis- 
comfort is not known, and design for such 
entering air seems to be handled by increas 
ing the concentration of radiation by some 
empirical amount in such areas. 


tired Radiant Heating Installations Visited 


Installation 
B 


stainless steel whse fine machining & assembly 

6,800 %,000 

30 12 

Protected metal, no insulation metal with 1 in. insulating 
blanket underneath 


315 outside walls, protected 3 outside walls, metal 
metal 

30 12 

112 40 


gravity 0.3 powered 0.7 


condensation and dripping on heating good, slightly warm 

underside of roof; heat dis- on uncovered head 
tribution seemed uniform; 
roof vent closed 

insufficient heat when roof 
vent open; will insulate roof, 
1 in. insul., installations in 
2 other shops with wood and 
Gypplank roof all right 


excellent, compares favorably 
with floor panel next bay; 
fuel costs low; too warm on 
head for sedentary workers, 
others all right 
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TasLe 3.—Data Received by Telephone Concerning Four Direct-Fired 
Radtant Heating Installations 


Building use 

Floor area, sq. ft 

Height eaves, ft. 

Roof construction 

Outside wall 
Construction 

Height heaters, ft. 

Est. design B. T. U/hr 
sq. ft. input 

Ventilation 


Experience cited 


tube mill 

50,000 

42 

metal, uninsulated 
No outside walls 


42 
288 


no vents, adjoins other 
buildings all sides 

excellent results, will 
install more systems 


Installation 


machine shop 
12,500 


38 


metal, uninsulated 

4 walls metal, 
uninsulated 


gravity roof vents 


installation underde 
signed & when fuel 
increased, burnt up 
housings of units; 
principle good, will 
replace units with 
more rugged design & 
idequate capacity 


fabricating shop 

7,500 

16 

metal, uninsulated 

4 walls metal, 
uninsulated 

15 


no vents 


installation underde 
signed; insufficient 
heat, some condensa 
tion; will change to 
unit heaters; princi 
ple is all right 


steel warehouse 

30,000 

metal, uninsulated 

4 walls metal, 
uninsulated 

30 & 18 


no vents, building not 
tight 

Initially underdesigned; 
have added 30° more 
units and lowered to 18 
ft. & placed alongside 
walls at angle to hori 
zontal, excellent results, 
estim. 40° fuel savings 
compared to unit 


Data obtained from visits and telephone 
calls to users are presented in Tables 2 and 
3. Aside from the successful application to a 
variety of conditions, the most interesting 
observation was the general agreement as 
to soundness of this principle of heating, 
despite the troubles encountered in individual 
systems. Apparently, even when the heating 
system was underdesigned, the uniformity 
of heat distribution was not criticized. 

In considering the matter of condensation, 
ventilation and roof insulation are the two 
essentials for preventing condensation. To 
the the 
heat of combustion must be utilized to fullest 


get the most out of investment, 
degree. The combustion products (the 40 
of heat convected ) must be allowed to escape 
into the building air at some distance from 
(1, @, not directly under) roof vents or 
exhausters. This point, abhorrent to all true 
industrial hygienists, is nevertheless widely 
employed and is acceptable by American Gas 
Association standards in most installations. 
Observations indicated that 1 in. rigid insu 
lation on metal roof decking was an excellent 
measure, and calculations will show that the 
savings in initial heater installation and in 
fuel will offset the extra cost of such insula- 
tion in two or three years where heating- 
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heaters 


season degree-days total as much as 4,000. 
Needless to say, msulation placed on the 
underside of a roof should have a vapor 
barrier on its own underside. The amount 
of opening for gravity ventilation an 
empirical value, being suggested by one 
manufacturer as 50 sq. in. outlet area high 
in the building for each 100,000 B. T. U 
per hour input. There must be a comparable 
inlet area. In many buildings there is no 
lack of inlet area and in some no lack of 
outlet area. An excess of outlet area can be 
disastrous. Consider that gravity ventilators 
or undampered power ventilators may im 
severe weather permit excessive air changes 
with which the heaters cannot cope. Some 
regulation, such as by dampering, should be 
provided, Where powered exhausters with 
self-closing dampers are used, a stop for 


minimum small 


opening is useful, or 
auxiliary gravity ventilators can be installed 
that take 


powered exhausters are shut down. 


will care Of periods when the 
It is worth noting that calculations on 
Installation that 


temperature difference obtainable between 


Ly indicate the maximum 


indoors and out with the heat input provided 
was 24 F and that the temperature of the 


undersurface of the roof would be only 9 I 
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The 


purchased for the purpose of keeping the 


above the outdoors. installation was 
steel sheet warm so that condensation and 
spotting of the surfaces would not occur 
when brought into the fabricating shop. 
l‘ailure to estimate the requirements resulted 
in rather disastrous condensation. 

Certain limitations as to the employment 
of these heaters should be evident; the use 
of flammable solvents or presence of flam- 
out. A 


distance of 9 ft. is recommended for small 


mable dusts rule them minimum 
lots of combustibles. In garages, local codes 
may require that flame be kept isolated by 
a stainless steel wire sereen across all open- 
ings, the largest such opening being the 
space bounded by the reflector. Units so 
treated should be tested for completeness of 
combustion because air cannot reach the 
combustion surface as readily as normally 
so that carbon monoxide may be produced. 
The same is true of Nichrome wire grids 
that can be applied over the burner face as 
a windshield where drafts are a problem. 

The use of manufactured gas containing 
carbon monoxide should be surrounded with 
all available safeguards. Beside mechanical 
features, introduction of an odorant is well 
worth considering where such is not already 
supplied. 

The question also arises, and is unan 
swered, as to the efficiency of this heating 
method for buildings having basements or 
crawl spaces under the floor. 

The arrangement of all the heating units 
observed was in checkerboard pattern. There 
ought to be some advantage in concentrating 
more heat along outside walls to take care 
of the wall loss plus infiltration; the opti 
mum positioning would be worth studying. 
The height of the units is governed by 
building utility and equipment, such as 
Kvidently, the 12. ft. height of 
Installation C was too low for some persons. 


cranes, 


Heights of 18 ft. and above appeared to be 


satisfactory for comfort. The number and 


placement of units then is based on coverage 
for the height chosen and the desirable 
Tilting of units 


permits grouping in pairs or fours, but the 


grouping for servicing. 
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maximum permissible angle of tilt must be 
obtained from the manufacturer. Units can 
be placed along the walls below crane level 
and inclined to throw heat toward building 
interior, provided stops are placed to pre- 
vent overtravel of bridge or trolley that 
could damage the units. 

Instrumentation includes the safeguards 
on the heaters themselves as well as thermo- 
static or other control to care for demand. 
Gas flow is controlled by a simple solenoid 
valve that is actuated electrically by an air 
temperature thermostat. A 
burning pilot keeps a sensing element on 


continuously 


the unit heated, thereby making the circuit 
effective. Should the pilot flame be extin 
guished, the sensing element on the unit 
cools and trips a microswitch, thus opening 
the circuit and closing the gas valve. Equip 
ment is available for automatic shutoff of 
pilot along with main valve where codes 
so require.  reignition by push 
button can be furnished for such equipment. 
lor continuously open pilot units, automatic 
electric reignition can be furnished, 

Demand for heat is usually met by the 
room-air thermostat, which must be shielded 
from direct radiation. A single thermostat 
may control one or a group of heater units. 
One installation used off-on timing devices 
ins'ead of thermostats. They were located 
in an office, the scheduling being sei by 
judgment of the foreman as to need. Perim 
eter zoning, or grouping of units along out 
side walls, has been suggested as being 
better than the over-all checkerboard pattern 
because areas along the exterior walls on 
the windward side will have the greatest de 
mand for heat. Such demands can be met 
locally without operating units elsewhere 
that might not be needed. 

Units situated over cranes can damage 
electrical and mechanical components should 
the cranes be stopped under them too long. 
Shielding with bright aluminum sheet, with 
or without insulation, has been successful. 
Manual switches at floor level to deactivate 
heater units were provided in one instance; 
in other instances, tripper devices or addi- 
tional power-rail contactors were so placed 


Vol. 19, March, 1959 


= 


RADIANT HEATING 


that the heaters were turned off automati 
cally as the crane passed under them. It 
goes without saying that units should not 
bear directly on the line of travel of the 
crane cab. Depending on relative elevations, 
a sunshade may be needed to keep glare and 
excessive heat out of the cab. 

Reports concerning maintenance indicate 
that ruggedly designed, properly used units 
need about the same attention as fluorescent 
lighting. Dirty fuel can clog orifices; in 
this event, filters should be installed in 
the lines. Severe dustiness can clog perfora- 
tions in the ceramic plate and necessitate 
blowing out with compressed air. Spider 
webs and cocoons have been blamed in a 
minor way for some start-up problems in 
autumn, No lubrication is needed, the only 
moving parts being the sealed-in  solenoid- 
valve components. Unless electric ignition 
is included, the pilots are lighted once a 
season. The reflectors need cleaning often 
enough to keep projection efficiency to a 
high level. 

In view of oceasional misapplication of 
this type of heating, the newness of this 
type of equipment, and the dependence on 
empirical values for placement, ventilation, 
and so on, it is important for the buyer to 
secure a guarantee of performance that 
binds the supplier to meet the design con 
ditions stated. The additional heater units 
needed for Installation G were put in place 
by the supplier at his own expense to meet 
a guarantee. 

Our estimators stated that cost of instal 
lation of this type of heating is comparable 
to that for conventional blower-type space 
heaters. There is evidence from users that 
fuel consumption over the heating season is 
radiant heaters 


lower for the direct-fired 


Miller 


than for other types if the products of com 
bustion are allowed to mix with air under 
the roof before being vented from the build 
ing. Conversely, there is evidence that radi 
ant heaters which are vented directly to 
outdoors may require LOG more fuel than 
do conventional heated-air systems. 

At this point it is apparent that certain 
advantages are associated with direet-fired 
radiant heating by a diverse group of in 
dustrial 


users. A summary of the major 


points includes comfortable sensation of 
warmth, warm floors and materials, freedom 
from drafts, flexibility in operation, mini 
mainte 


The 


limitations of these heaters are primarily 


mum electrical power, minimum 


nance, and potential fuel savings. 
concerned with common-sense employment 
of open-flame devices and gas-fired equip 
ment, the problems of which are not new 
to industry. Design depends part on 
certain empirical data, for which the manu 
facturer is the best source and on the basis 
of which he should guarantee the perform 
ance of his units. Where heat load ts fig 
ured on a conventional basis and proper 
allowance is made for the ventilation load, 
the results have been more than acceptable. 
We may expect this type of heating to 
become as prominent as the better-known 
methods now in use for industrial comfort 
heating. 


Bethlehem Steel Company 
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Experimental Tuberculopneumoconiosis 


PAUL GROSS, M.D.; MARIAN L. WESTRICK, Ph.D., and JAMES M. McNERNEY, M.P.H., Pittsburgh 


Zaidi, Harrison, King, and Mitchison ! 
have recently demonstrated that a nonfibro 
genic coal-mine dust in conjunction with a 
tuberculous infection of low virulence could 
produce massive pulmonary fibrosis 
guinea pigs. This demonstration confirmed 
what had long been suspected, namely, that 
the progressive, massive fibrosis of the lungs 
reported in some British coal workers ** 
was an infective pneumoconiosis caused by 
the pulmonary deposition of coal dust in 
combination with tuberculous infection. 

The effects of various types of pneumo 
coniotic deposits upon a tuberculous inflam 
mation were investigated experimentally by 
Gardner *7 over a period of two decades. 
In the same laboratory, Vorwald* probed 
the mechanism underlying this phenomenon. 
Cummins *!! showed that dusts were capa 
the 


tubercle bacillus, and he concluded that the 


ble of adsorbing toxic products of 


“amplified lesions would appear to be due 
to the action of dust and tubercle bacilli 
From the Industrial Hygiene Foundation, Mellon 
Institute 
This investigation was supported by grants from 
\brasive 


the Grinding Wheel Institute the 


acting together” and that “the results can- 
not be attributed either to the dust alone 
or to bacilli alone but to a combination of 
the two.” 


During the course of the present investi- 


gation, which tuberculous pulmonary 
infections were introduced in guinea pigs 
that had been exposed to. silicon carbide 
and to aluminum oxide dusts (essentially 
repeating a study that had previously been 
reported by Gardner),®* results were ob 
tained which those 


strikingly paralleled 


obtained in King’s laboratory. 


It is the purpose of this communication 
to describe this investigation and to discuss 
their significance. 


Method 


The design of this investigation included four 
series of guinea pigs, each series exposed to a 
different dust, and an infection control group. Each 
series was divided into two groups, a group exposed 
to dust and then infected with tubercle bacilli and 
the dust control group. In addition to a series ex 
posed to aluminum oxide dust and a series exposed 
to silicon carbide dust, a third series of guinea pigs 
furnish a bench 
mark on the upper end of the spectrum, while a 


was exposed to quartz dust to 


fourth series of animals was exposed to kaolin in 


Summary of Eaxpertmental Set-Up 


Dust Data (Exposure, 12 Mo.) 


Particle Size,* 


Grain Association 
Taste 1—Tabula 
Average Dust 
Series 30 Giroup 15 Concentration, 
Guinea Pigs Guinea Pigs Mzg/M.,; 
1 quartz a) Dust control 44.7 
(iron contaminated th) Dust + TBC 
IL) Aluminum oxide (a) Dust control 45.2 
(b) Dust + TBC 
Ill Silicon carbide (a) Dust control 15.3 
(b) Dust + TBC 
IV Kaolin (a) Dust contro! 52.5 


(6) Dust + TBC 
TBC only 


* Electron microscope sizing: & 4,800. 
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m Composition of Dust 
0.2 a Quartz 
iron 
| wo"), a AleO,; iron present 
ol SiC; iron present 
98°) kaolinite; iron present; <0.5°, 


sia, 
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EXPERIMENTAL TUBERCULOPNEU MOCONTOSTS 


TABLE 2.—Particle Size Distribution of Dusts * 


Percentage of Particles by Number t¢ 


Particle Aluminum Silicon 
Size, uw Quartz Oxide Kaolin Carbide 
04 56.4 53.0 53.0 47.2 
0.4-0.5 25.0 31.6 26.0 26.2 
0.5-0.8 11.2 11.4 12.6 14.6 
0.81.1 5.8 3.8 64 94 
1.1-1.5 1.6 0.2 1.8 2.0 
1.5-2.1 0.0 0.0 0.2 0.6 
Geometrical 
mean, 0.3 0.3 0.3 


* Optical sizing with oil-immersion lens at X 970. 
+ Based on counts of 500 particles of each dust. The latter was 
precipitated electrically upon a glass coverslip. 


order to obtain a bench mark on the lower end of 
the spectrum. 

The experimental set-up is summarized in Table 
1, and additional data on the size distribution of 
the various dusts are given in Table 2. 

The dusts were suspended in water and atomized 
at a pressure of Hhy. The atomized material was 
made to impinge against a baffle of hardened tool 
steel. The water droplets of the mist were vaporized 
by passage through a heated glass cylinder. The 
air flow which carried the dust from the heated 
glass cylinder into the inhalation chamber averaged 
4.0 cubic meters per hour. Prior to venting the air 
into the outside atmosphere it was passed through 
electrostatic precipitators. The dust these 
precipitators was collected periodically and weighed. 
From the weight and the known air flow’ the 
average dust content of the air was calculated. The 
animals were exposed to the dusts in the inhalation 
chambers six hours per day, five days per week, 
for one year. 

The organism used to produce the pulmonary 
tuberculous infection was an avirulent human strain 
designated RIRv.* The growth from a 17-day-old 
culture was homogenized and the suspension 
standardized against barium sulfate in a spectro 
photometer. The first infective dose was made up 
to contain 510° bacterial units per milliliter. This 
was increased to 210° bacterial units per milliliter 
tor the second infection 

The intratracheal infections were accomplished 
under light ether anesthesia by means of an il 
luminated, self-retaining speculum,” which visual 
ized the vocal chords and allowed an 18-gauge, 
blunted, spinal needle to be passed into the trachea 
One milliliter of bacterial suspension (50,000,000 
bacterial units) was injected into one-half of the 


* This culture was sent by Dr. William Steenken 
Ir, of Trudeau, N. Y., in response to a request for 
the strain of avirulent tubercle bacilli used by 
Gardner and designated as the RI. strain im his 
publications 
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dusted animals 10 months from the first dust ex 
posure. The infection control group, consisting of 
guinea pigs of the same age and approximate 
weight, was similarly infected. A tuberculin test 
was performed five months after the infection, and 
a second intratracheal mfective dose (200,000,000 
bacterial units) was administered three days later 
to the negative and the weakly positive reactors. A 
second tuberculin test was performed two and one 
half months after the second infection 

\fter completion of the 12-month dust exposure, 
the animals were pastured for an additional 12 
months. At various intervals animals from each 
group were killed for the purpose of sampling 
These, as well as spontaneous-interval deaths and 
the guinea pigs killed at the end of the experiment, 
were autopsied. The lungs were inflated with 
formalin under a head of & to 10 cm. of water 
and prepared for section in the usual manner 
Sections were stained with hematoxylin and eosin, 
carbol-fuchsin for acid-fast bacteria, Van Gieson 
in combination with Weigert’s elastic tissue stain 
and acidic potassium ferrocyanide, and the Gordon 
Sweet method of silver impregnation for reticulin 
fibers. In addition, incineration studies were per- 
formed in order to determine the topographic 
relation of the dust deposits to histologic struc 
tures.” Sections were also cut from the liver and 
spleen and, in some cases, from the kidneys 


Results 


General Observations. As seen in Table 
3, the infection control group had a 58% 
incidence of negative tuberculin reactors 
after the first infection, and the second, 
more massive, infection resulted in’ only 
two conversions, so that a residium of 44% 
negative reactors remained. The incidence 
of negative tuberculin reactors in the silicon 
carbide group was similarly high even after 
the second infection. Except the clay 


Pasir 3.— Results of Tuberculin Tests 


Tuberculin Test 


Ist 2d 
No 
No. Neg % No. Neg / Conver 
Group No. Neg. Total No. Neg ions 
Aluminum oxide 17 O/5 0 
Silicon carbide 67 5/9 
Clay 0/5 0 0/% 0 
Quartz (iron 
contaminated) 2/7 20 0/3 0 2 
Tuberculosis 
control W/12 4 
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group, negative reactors were present in the 
other dust groups. However, they were 
converted to positive reaciors after the 
second infection. 

I{pidemics of pneumonia killed from 27 
to 67% of the animals in the various groups 
during the first year. Some of these ani 
mals which died were replaced in the early 
phase of the investigation, and so some 
groups numbered 17, 18, and 21 guinea pigs. 
A summary of the deaths is given in Table 4. 

Gross Dust 


Grossly there were no remarkable patho 


Observations. Controls : 
logic changes in the lungs of the uninfected 
guinea pigs, inclusive of those exposed to 
iron-contaminated quartz dust. The absence 
of the expected silicotic changes, even at the 
end of the second year, was surprising. 
Some of the lungs, irrespective of the type 
of dust to which they had been exposed, 
showed only slight mottling of the pleural 
and cut surfaces by gray, opaque, pinpoint 
to pinhead-sized markings without appreet 
able densification of the lung tissue. 

The tracheal lymph nodes were slightly 
to moderately enlarged in some instances 
and not appreciably enlarged in others. In 
most of the guinea pigs exposed to quartz 
dust the tracheal nodes were moderately en 
larged and firm but not hard. However, 
in the presence of spontaneous pneumonia 
the lymph nodes were more noticeably en 
larged, soft, and edematous. 

Tuberculous Infection Controls: In spite 
of the presence of seven positive tuberculin 
reactors in this group, no gross lesion was 
found in the lungs or tracheal lymph nodes. 

Dusted-Infeected The 
some of the guinea pigs which had been 
the 

tubercle bacilli 


Group : lungs of 


exposed to various dusts then 


infected with were similar 


to those of the uninfected dusted animals. 


However, the lungs of other dusted-and 
infected guinea pigs revealed significant 
differences. These significant differences 


consisted of foci of dense, unusually firm 
about | 
mim, in diameter to confluent regions involy 


consolidation which varied) from 
ing nearly an entire lobe. The lungs of 


guinea pigs exposed to iron-contaminated 
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quartz dust and subsequently infected with 
tubercle bacilli exhibited the highest inci 
dence of the lesions and the severest involve 
ment. In fact, frequently 
caused the death of the animal from inade- 


these lesions 


quacy of functioning pulmonary parenchy 


ma. In such lungs showed 


lobe 
The lungs of 
guinea pigs exposed to the other dusts and 
infected with tubercle bacilli exten 


sively involved by these peculiar consolida 


every 
extensive consolidation. 
were 


tions in only a few instances, mostly one 
or several lobes were affected and then only 
foeally. 

The tracheal lymph nodes of the dusted 
and-infected guinea pigs were no different 
than those of the infected animals in spite 


of the presence of the consolidated lesions 


in the lungs—-except in the case of the 
guinea pigs exposed to iron-contaminated 
quartz dust, where the nodes were uni 


formly large, gray, and moderately firm. 

Microscopic Observations._-Uninfected 
Animals (Dust Controls): In spite of the 
diversity in composition of the dusts and 
contrary to expectations, the effects observed 
in these different groups of animals were 
remarkably similar. Therefore, the patho 
logic changes common to the lungs of ani 


Fig. 1.—-Section of a lobe from a lung of Guinea 
Pig 190, exposed to iron-contaminated quartz dust 


for one year and infected with avirulent tubercle 
bacilli. Died 21 months after the first dust ex 
posure. More than 50% of the lobe is involved by 


confluent foci of consolidation, some of which show 
Hematoxylin and eosin; reduced 
from mag. 7.3 


central 
about 


necrosis 


15% 


3 
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Fig. 2.—Section of a lobe from a lung of Guinea 
Pig 218, exposed to aluminum oxide dust for one 
year and infected. with avirulent tubercle bacilli. 
Killed 17 months after the first dust exposure. Less 
than 25% of the lobe is involved by foci of consoli- 
dation, some of which show central necrosis. There 
is less tendency of the foci to become confluent. 
Van Gieson; ed about 45% from mag. 7.3. 


mals in all four dust groups will be 


described together and note will be taken of 
the differences, which, however, were minor. 

The intrapulmonary dust deposits were 
found predominantly within the air spaces, 


Fig. 4.—Section of a lobe from a lung of Giinea 
Pig 155, exposed to silicon carbide dust for one 
year and infected with avirulent tubercle bacilli. 
Killed 24 months after the first dust exposure. The 
extent of involvement by discrete, heavily pig- 
mented foci of consolidation is the least of all 
dusts investigated. There is little tendency to con- 
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Fig. 3.—Section of a lobe from a lung of Guinea 
Pig 267, exposed to kaolin dust for one year and 
infected with avirulent tubercle bacilli. Killed 2 
months after the first dust exposure. This is a 
most severe involvement of this series. Lobes of 
other animals in this group had less than 10% in- 
volvement. No central necrosis is present. Hema- 
toxylin and eosin; reduced about 45% from mag. 


K 


The 
intracellular, 


many of which were thereby occluded. 
dust particles were mostly 
within macrophages, and the latter were 
generally well preserved. Because of the 
density of the silicon carbide particles the 


fluence 


and no central necrosis. Hematoxylin and 
eosin ; 


reduced about 45% from mag. & 7.3 

Fig. 5.—Section of a lobe 
Pig 287, infected with avirulent tubercle bacilli 
but not exposed to dust. Killed seven months later 
This is the only lesion found in the lungs of this 
animal. Hem itoxylin and eosin; reduced about 45% 
from mag. X 7.3. 


from a lung of Guinea 


Figure 5 
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Fig. 6—Dust control Guinea Pig 260, exposed 
to iron-contaminated quartz dust for one year and 
killed 18 months after the first dust exposure 
There is a large dust focus characterized by massive 
plugging of air spaces with dust-filled cells and 
debris and also showing widening of septal walls 
Silicotic nodulations are absent. Hematoxylin and 
eosin; reduced about 45% from mag. * 42 


individual macrophages containing this dust 
were difficult to identify and their state of 
the 
case of the iron-contaminated quartz-dust 


preservation impossible to judge. In 


treated animals, many of the dust-bearing 
cells in the air spaces were degenerated, 
and, in addition to alveolar macrophages, 


much structureless cellular debris was pres 


Fig. 7.—Composite picture of Figure 6, showing 
most of the silica densely aggregated within the 
air spaces. Little silica is found interstitially. Re 
duced about 45% from mag. & 42 
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ent which was heavily laden with quartz 
dust. The blue color reaction characteristic 
for iron was demonstrable in intrapulmo 
nary dust depots of all animals not long 
removed from the dust chambers. However, 
the intensity of the color tended to fade 
with increase in time lapse from the last dust 
exposure, and in many regions no iron was 
demonstrable at the end of the second year. 
The blue iron staining was most pronounced 
with the dust the 
silicon carbide dust. 


quartz and least with 
The dust particles were aggregated into 
dense masses occupying much of the air 


In the 


spaces in which they were situated, 


Dust control Guinea Pig 198, exposed to 
oxide dust for one year and killed 24 


Fig. 8 
aluminum 
months after the first dust exposure. The dust focus 
is of moderate size and is composed of air spaces 
plugged by packed aluminum oxide-containing cells 


The septal walls are only slightly thickened by 
proliferated alveolar cells. No dust is found 
interstitially. Van Gieson and acidic potassium 


ferrocyanide: reduced about 45% from mag. * 127 


ash patterns obtained after incineration and 
acid treatment, the disposition of the parti 
cles was so dense that no grouping was 
discernible which might have outlined the 
macrophages that originally contained them 
A similar dense disposition of dust particles 
held true for silicon carbide, for which no 
incineration studies were necessary. 

Very little dust was found in interstitial 
position, that is, in the loose periadventitial 
stroma of vessels. The distribution of all 
four dusts was focal, and with increase in 


time from the last dust exposure the foci 
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Fig. 9—Dust control Guinea Pig 227, exposed 
to koalin dust for 1 year and killed 24 months after 
the first dust exposure. There are two dust foci 
which are very similar to that of Figure 8. The 
dense aggregation of kaolin within the air spaces 
and its absence from interstitial positions is well 
illustrated. Alveolar walls do not appear thickened. 
Gordon & Sweet silver impregnation; reduced about 
45% from mag. * 127. 


became smaller and less numerous, except 
those foci associated with iron-contaminated 
quartz dust, which did not appear to dimin- 


ish in size or number. Alveolar walls ex- 


Fig. 11.—Infection control Guinea Pig 287, killed 
seven months after the intratracheal injection of 
avirulent tubercle bacilli. The lesion consists of 
several closely placed small foci of consolidation in 
which air spaces are plugged with alveolar cells and 
debris, without apparent involvement of the septal 
walls. Hematoxylin and eosin; reduced about 45% 
x 42 


from mag. 
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Fig. 10. 
to silicon carbide dust for one year and killed 24 
hours after the first dust exposure. Although the 
bulk of the dust is aggregated into large dense 
masses that plug the air spaces, some smaller ag- 


Dust control Guinea Pig 140, exposed 


gregates are also present. Alveolar walls have a 
delicate reticulin pattern. Gordon & Sweet silver 
impregnation ; reduced about 45% from mag. & 127 


hibited proliferation and swelling of lining 
cells in many but not all regions where air 
spaces were plugged by desquamated cells, 
debris, and dust. This cellular proliferation 


Fig. 12.— Tuberculopneumoconiotic lesion in 
Guinea Pig, 181, exposed to iron-contaminated 
quartz for one year and infected with avirulent 
tubercle bacilli. This animal was killed 18 months 
after the first dust exposure. The lesion is very 
cellular at this stage but does contain some collagen. 
The alveolar architecture is not recognizable. No 
tuberculous granulation tissue is recognizable. 
Hematoxylin and eosin; reduced about 45% from 
mag. X 127. 
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Fig. 13.—Composite picture of the field shown 
in Figure 12, showing the silica content. Instead 
of the dense, massive aggregates seen in the dust 
control (Fig. 6) the dust is fairly uniformly distrib 
uted in much smaller flocs. Reduced about 45% 
from mag. 127. 


and swelling caused conspicuous widening of 
the alveolar walls. However, collagen was 
generally absent. Many of the proliferated 
alveolar cells subsequently desquamated and 
accumulated in the air spaces. In conjunc 
tion with the proliferation of alveolar cells 
the reticulin pattern of the alveolar walls 
became altered by the development of short 
branches perpendicular to the wall, coursing 
between the alveolar cells and tending to 


Fig. 14.—The same region as in Figure 12 but in 
a replicate section, showing partial obliteration of 
alveolar architecture by proliferated reticulin fibers 
Septal walls are greatly widened by proliferated 
reticulin and collagen fibers. Gordon & Sweet 


silver impregnation; reduced about 45% from mag. 
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surround them. The most pronounced pro 
liferation of alveolar cells was found around 
the smaller vessels, where it was commonly 
associated with the elaboration of a striking 
radial pattern of branching, long. reticulin 
fibers. Such proliferation tended to cause 
obliteration of the alveoli immediately ad 
jacent to the vessels and rarely extended to 
more remote air spaces. The proliferative 
response with the associated elaboration of 
reticulin was greatest with iron-contami 
nated quartz and least with silicon carbide. 
Clay and aluminum oxide dusts assumed 


intermediate positions in this respect. 


Fig. 15. 
(Guinea Pig 218, exposed to aluminum oxide dust for 
one year and infected with avirulent tubercle bacilli 


Tuberculopneumoconiotic lesion in 


Killed 17 months after the first dust exposure. The 
lesion is indistinguishable from that shown in 
Figure 12 in which quartz is a major factor, and, 
similar to Fig. 12, no tuberculous granulation tissue 
is recognizable. Hematoxylin and eosin: reduced 
about 45% from mag. * 118 


No significant collagen fiber production 
was demonstrable at the end of two years 
in the lungs of guinea pigs exposed to alu 
minum oxide and silicon carbide dusts. The 
lungs of animals exposed to clay and iron 
contaminated quartz dust showed occasional, 
delicate collagen fibers in scattered foci of 
alveolar wall thickening, and occasional deli 
could also be found 


cate collagen fibers 


coursing between clay-bearing — alveolar 


macrophages. 
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The tracheal lymph nodes of animals ex- 
posed to aluminum oxide and to silicon 
carbide were not enlarged (in the absence 
of pneumonia). The amount of aluminum 
oxide dust stored in the lymph nodes was 
moderate, whereas the amount of silicon 
carbide dust found in these structures was 
never more than slight. Both clay and 
quartz dust were present in great abundance 
in the respective tracheal lymph nodes. The 
nodes containing clay dust were, however, 
not significantly enlarged, whereas the nodes 
containing iron-contaminated quartz dust 
were noticeably enlarged. 

The stainable iron in the lymph nodes 
generally paralleled that found in the lung 


Fig. 16. 
Figure 15, showing an abundant aluminum oxide 
dust content which is very similar in amount and 
in distribution to the ash pattern of silica in Figure 
13. Reduced about 45% from mag. & 118 


Composite picture of the field shown in 


sections. The aluminum oxide and clay 
dusts were found within macrophages ar 
ranged in sheet-like masses. The structural 
details of these cells were usually good. In 
the case of the silicon carbide deposits, the 
density of the particles generally precluded 
identification of individual cells but some 
particles appeared to be extracellular. How 
ever, it is not certain that the moving micro- 
tome knife may not have produced this 
effect artifactually. Incineration studies also 
indicated that whereas most of the quartz 
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Fig. 17—The same region as that shown in 
Figure 15 but in a replicate section, showing ex 
tensive obliteration of alveoli by profuse prolifera 
tion of reticulin fibers. Some collagen fibers are 
also present. Gordon & Sweet silver impregnation ; 
reduced about 45% from mag. & 118 


dust was intracellular some was also extra 
cellular. 

No collagen was found in the tracheal 
lymph nodes of animals exposed to alumi 
The 


nodes of animals exposed to clay dust ex 


num oxide or to silicon carbide dust. 


Fig. 1&8. — Tuberculopneumoconiotic lesion in 
Guinea Pig 256, exposed to kaolin dust for one year 
and infected with avirulent tubercle bacilli. This 
animal was killed 16 months after the first dust 
exposure. Comparison of this lesion with that pro 
duced by kaolin dust alone (Fig. 9) indicates that 
this is a different disease. There is no recognizable 
tuberculous granulation tissue. Van Gieson; re 
duced about 45% from mag. & 127. 
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Fig. 19—Composite picture of the field shown 
in Figure 18, showing finely distributed kaolin dust 


near the center of the lesion, whereas at the 
periphery the dust is massively aggregated within 
air spaces as found in the control (Fig. 9). Re- 
duced about 45% from mag. X 127. 

hibited occasional very fine collagen fibers 
among the dust cells. In about one-third 
of the guinea pigs exposed to iron-contami- 
nated quartz the tracheal lymph nodes con- 
tained hyaline or collagenous foci. The 
nodes of the other animals exposed to iron- 
contaminated quartz dust contained masses 
of packed dust cells, and in several nodes 
many multinucleated giant cells were present 
as well. 

There were, of course, those acute and 
chronic inflammatory changes that were rec- 
ognized to be of infectious character. In 
some animals such spontaneous disease was 
extensive and tended to obscure the changes 
caused by dust. 

By way of summarizing the effects of 
these various dusts upon the lungs of guinea 
pigs, it may be said that after inhaling ex 
cessive amounts of aluminum oxide, silicon 
carbide, clay, and iron-contamimated quartz 
for one year followed by a one-year period 
during which the animals were pastured, 
the dust was found stored predominantly in 
the air spaces. The presence of the dust 
provoked abundant proliferation and des- 
quamation of alveolar cells, with some focal, 
noncollagenous widening of alveolar walls. 
The nodulations and fibrosis characteristic 
of silicosis were absent. 


Gross et al. 


Fig. 20.- 
but in a replicate section, showing obliteration of 
alveoli but to less degree than seen with quartz 


The same region as shown in Figure 18 


or aluminum oxide dust. Alveolar thickening is 
pronounced. Gordon & Sweet silver impregnation ; 
reduced about 45% from mag. X 118. 


Tuberculous Infection Controls: Among 
the seven positive reactors only two animals 
were found in the lungs of which micro 
scopic lesions could be identified. One of 
these had been killed seven months, and the 
other, nine months after the infection. These 
two guinea pigs also had miliary tubercles 
in the tracheal lymph nodes. There was one 
other animal in which a tracheal node with 
miliary tubercles was found. This animal 
had died 14 months after the infection, and 
multiple sections revealed tuberculous 
lesion in the lung. No evidence of a tuber 
culous infection was found in any of the 
negative reactors. 

The pulmonary lesions were small (less 
than 1 mm. in diameter) and consis‘ed of 
focal noncollagenous widening of alveolar 
walls caused by proliferation and swelling 
of alveolar lining cells and associated in 
crease in reticulin fibers. Some of the air 


spaces several associated bronchioles 


contained necrotic material. No acid-fast 


organisms were found. No typical tubercu 
lous granulation tissue could be identified 


except. the tracheal nodes where the 

miliary tubercles were present. 
Infected-and-Dusted Animals: The ma 

jority of these animals showed pathologic 


changes in the lungs that were in no respect 
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Taste 5—Incidence of Tuberculopneumoconiotic 


Lesions 


No. with No. with 

No. Tuberculo- Miliary 

No. Positive pneumo- Tubercles 

Dust Group + 12-Mo. Tuberculin coniotic in Lymph 
Tuberculosis Survivors Reactors Lesions Nodes 


Aluminum 

oxide s 6 i 2 
Silicon carbide 12 4 4 41 
Clay 7 5 3 2+ 
Quartz 


* Includes one animal in which no tuberculopneumoconiotic 


lesion was found in the lung 

t Includes one animal which had been killed prior to the first 
tuberculin testing. 
different from those found in the uninfected 
dust controls. However, most of the guinea 
pigs which had given a positive tuberculin 
test (17 out of 22, or 77%, Table 5) and 
two animals which bad been killed prior to 
the performance of the first tuberculin test 
exhibited lesions that were different from 
the type of change found in the dust con 
trols and that were also different from the 
inflammation found in the infection control 
group. This is the lesion which has been 

Fig. 21. lesion in 
Guinea Pig 155, exposed to silicon carbide dust for 
one year and infected with avirulent tubercle bacilh 
Killed 24 months after the first dust exposure. The 
characteristic features of this lesion are present: 
widespread, relatively uniform distribution of the 
dust instead of focal disposition (compare with dust 
control, Fig. 10) and the obliteration of the alveo 
lated pattern by proliferated reticulin fibers. Gordon 


& Sweet silver impregnation; reduced about 45% 
from mag. 118 
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Kig. 22—Section of a tracheal lymph node from 
Guinea Pig 158, exposed to silicon carbide dust for 
one year and infected with avirulent tubercle bacilli 
This animal was killed 24 months after the first dust 
exposure. This picture is typical of all lymph nodes 
in which both dust deposits and tuberculosis are 
present. The two lesions are dissociated, and, con 
trary to the lung findings, here the tuberculous 
component 1s easily recognized in the form of 
typical miliary tubercles. Hematoxylin and eosin; 
reduced about 45% from mag. X 42. 
designated as tuberculopneumoconiosis and 
which will be described below. 

The tuberculopneumoconiotic lesions con- 
sisted of poorly circumscribed areas of 
consolidation, generally of a size filling 
low-power field or larger. The lesions asso- 
ciated with quartz and with aluminum oxide 
dust tended to be clustered, and because of 
progressive peripheral extension of the in 
volvement, coalescence of such foci devel 
oped, while, at the same time, the center 
of these areas frequently became necrotic. 
Some of the necrotic centers contained leu 
koeytes. In contrast, the lesions associated 
with clay and with silicon carbide dust were 
fewer, were more widely separated, were 
smaller, usually remained discrete, and did 
not exhibit central necrosis. 

As was the case with the lesions in the 
dust control animals, there was exuberant 
proliferation and swelling of alveolar cells, 
with modification of the reticulin pattern. 
Important differences, however, existed. 
Che alveolar-cell proliferation was much 
more severe. Instead of desquamating, the 
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cells remained coherent, and so the air 
spaces became narrower and even obliter- 
ated. The reticulin pattern of the alveolar 
walls became modified by the formation of 
multibranching fibers extending centripe 
tally from the walls and coursing between 
the proliferated cells into what was once 
the alveolar space. This centripetal network 
of reticulin’ fibers became progressively 
more complex and heavier, and by the 
transformation of these fibers into collagen 
the alveolated lung structure was thereby 
permanently lost. In short, although alveoh 
became filled with cells, dust, and debris, the 
alveolar structure of the lung in the dust 
controls remained generally nevertheless in- 
tact. In the tuberculopneumoconiotic le 
sions, on the other hand, alveoli became 
obliterated and their former position unrec 
ognizable by the process described above. 
The disposition of the dust) was also 
different from that found in the dust con 
trols. Instead of large, dense masses of 
dust, there was a relatively uniform distri 
bution of small aggregates, corresponding to 
an even dispersal of small aggregates 
throughout the cytoplasm of the proliferated 
alveolar cells. The exception to this picture 
was seen in the case of quartz dust, where 
much of the mineral was extracellular, and 
to that extent it was disposed in dense, solid 
masses. A. similar appearance of the dust 
was noted in necrotic areas where the dust 
aggregates were likewise extracellular. 
The the oblit 
erating had been 
completed, as was indicated by the still 


necrosis occurred after 


alveolar proliferation 
recognizable complex reticulin. pattern in 
many of the necrotic areas. 

The tuberculopneumoconiotic lesions con 
iron, and prolonged 


tained stainable 


searches for acid-fast organisms were un 
successful. 

The tracheal lymph nodes of the dusted 
and infected animals were very similar to 
those of the corresponding dust controls, 
except the 
typical miliary tubercles were found (Table 


that in a number of former 
5). This is remarkable, inasmuch as typical 
not 


tissue 


granulation was 


tuberculous 


Gross et al 


found in the lung of any animal. Another 
noteworthy feature was the absence of any 
conjoined lesion of tuberculosis with dust 
in the lymph nodes. Here the tubercles 
contained no dust, and the dust deposits 
were distinet and from 


separate the tu 


bercles. 


Comment 


The type of lesions produced by the com 
bined action of a dust with a tuberculous 
infection is perhaps best classified by the 
generic designation of tuberculopneumo 
comosis. The lesion is primarily a chronic 
proliferative alveolitis which results in ob 
literation of air spaces with fibrous replace 
ment. The central necrosis seems to be a 
secondary phenomenon which need not be 
present in all As found the 
present experiments, the pure dust lesion 


as well as the pure tuberculous lesion dif 


lesions. 


fered from tuberculopneumoconiosis in that 
the alveolar architecture remained generally 
intact and, the few fine collagen fibers in 
some 


foci notwithstanding, 


absent. It is, 


fibrosis was 
ot course, appreciated that 


had uncontaminated 


quartz been 
ployed or a more virulent organism the 


difference between the lesions produced by 


en 


their independent, and by their conjoined, 
action might not have been as clear cut. 
The fact that no recognizable tuberculous 
granulation tissue was found in any of the 
combined that abundant dust 
was demonstrable in all of them = justifies 


lesions and 
the view that such lesions are basically 
pneumoconiosis, 

In contrast to the absence of tuberculous 
granulation tissue in the lungs of dusted 
and-infected guinea pigs, typical miliary 
tubercles were found in the tracheal lymph 
nodes of the same animals. This may be 
due largely to a difference in tissue reactiy 
itv, since similar findings were observed in 
the infection control animals. The same, not 
entirely satisfactory, explanation may hold 
for the dissociated state of the dust deposits 
and the miliary tubercles in’ these lymph 
nodes as compared to the conjoined char 


acter of the lesions in the lung tissue. 
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The results obtained in this investigation 
with dusts which are nonfibrogenic and 
classifiable as inert, when added to the re 
sults obtained by Zaidi et al.’ with quartz- 
free coal dust, raise an important question, 
This question is whether any insoluble dust, 
no matter how “inert,’’ when introduced into 
lungs in. sufficient concentration may not 
produce a tuberculopneumoconiosis in com 
bination with a tuberculous infection of 
adequate virulence. It is also apparent from 
the results herein cited that dusts differ in 
their capacity to produce tuberculopneumo- 
coniosis in conjunction with a tuberculous 
infection. Of the four dusts — studied, 
iron-contaminated quartz has the greatest 
potential, whereas the other dusts are con- 
siderably below this level of performance. 
In the order of diminishing ability to pro- 
duce this peculiar lesion, they are aluminum 
oxide, kaolin, and, lastly, silicon carbide. 

secause of the unexpected and, at the 
time, disappointing low virulence of the 
strain of tubercle bacillus used, the infection 
was subminimal, as was indicated by the 
58% incidence of negative tuberculin re- 
actors in the infection control group. In 
view of the fact that Gardner *? was able 
to infect guinea pigs regularly by having 
them inhale the spray from five to six puffs 
of an atomizer which contained a water-clear 
suspension of the R1 tubercle bacillus, the 
present high incidence of negative tubercu- 
lin reactors is indicative of a prodigious 
drop in virulence. 

With an optimum infecting dose, giving 
a 100% incidence of positive tuberculin 
reactors, the extent and severity of the 
pulmonary involvement is the most impor- 
tant, if not the sole, measure of the potential 
of a dust to produce tuberculopneumoconio 
sis. However, if, as in the present investi 
gation, a subminimal infecting dose is 
employed, additional criteria for measuring 
this potential become available. The increase 
in the number of positive tuberculin reactors 
in a dusted group over the number of such 
reactors in the infection control group is 
another measure of the potential of a dust 
to produce tuberculopneumoconiosis. Also, 
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with a subminimal infecting dose it may be 
found, as in the present investigation, that 
with iron-contaminated quartz such lesions 
developed with an incidence of 100% of the 
positive tuberculin reactors, whereas with 
the other dusts the incidence of tuberculo- 
pneumoconiotic lesions varied from 60% to 
75% of the positive tuberculin reactors. 

Although frankly speculative, it seems 
probable that the incidence, extent, and se- 
verity of experimental tuberculopneumo- 
coniosis can be increased by increasing the 
severity of the tuberculous infection, i. e., 
the virulence of the organism or the dosage 
or both. The greater severity of involve- 
ment obtained by Zaidi, et al.' with the 
isoniazid-fast strain of tubercle bacilli than 
with BCG" seems to support this proba- 
bility. Similarly, it is probable that a rela- 
tively heavy pulmonary concentration of a 
so-called “inert”? dust, such as soft coal, 
kaolin, aluminum oxide, and silicon carbide, 
is a prerequisite for the production of a 
tuberculopneumoconiosis. These specula- 
tions should be susceptible to further ex- 
perimental evaluation. 

Some support for these speculations is 
also gained from human material. Progres- 
sive massive fibrosis of the coal worker 
generally occurs only in lungs that are very 
heavily pigmented. An unusual, dense, and 
massive pulmonary fibrosis similar to that 
found in British coal workers has been re- 
ported by Lynch and Melver'® in three 
workers exposed to unusually heavy concen- 
trations of clay dust. An extremely heavy 
kaolin content of the lung tissue was found. 

The immune mechanism by which the 
tuberculopneumoconiotic lesion comes about 
is obscure. From the experiments of 
Kettle,'® Vorwald) Delahant,* Cum 
‘and Attygalle et in which killed 
tubercle bacilli were employed, it appears 


mins,! 


that living organisms are not necessary for 
the demonstration of a potentiated dust 
effect. 

The inhibitory effect of iron on the devel 
opment of silicosis is the subject of a sepa- 
rate report.'* Similar inhibition of silicosis 
by iron has been reported by Kettle," 


Vol. 19, March, 1959 


= 
i 


EXPERIMENTAL TUBERCULOPNEUMOCONIOSTS 


The fact 


Was 


Gardner,”° and Vorwald.*! that 
iron-contaminated quartz essentially 
nonfibrogenic served only to emphasize the 
fibrogenic character of the tuberculosilicotic 
lesion. 


Summary and Conclusions 


The inhalation of large quantities of so 


called “inert” dusts in) combination with 
large intratracheal infecting doses of aviru 
lent tubercle bacilli produced tuberculopneu 
moconiotic lesions in guinea pigs. The dusts 
employed included a nonfibrogenic quartz 
(iron-contaminated ), aluminum oxide, kao 
lin, and silicon carbide. 

The ability of a dust to produce tuberculo 
pneumoconiosis may be measured by three 
criteria: (1) the extent and severity of the 
tuberculopneumoconiotic lesions produced; 
(2) in conjunction with a subminimal im 
fecting dose of tubercle bacilli, the increase 
in the number of positive tuberculin reactors 
as compared with the number of such re 
actors in the nondusted infection controls; 
(3) in conjunction with a subminimal im 
fecting dose of tubercle bacilli, the incidence 
of animals with  tuberculopneumoconiotic 
lesions as compared with the incidence of 
animals with such lesions in a group ex 
posed to a standard dust such as quartz 
(high standard) or kaolin (low: standard ). 

Judged by these eriteria, the potential of 
iron-contaminated quartz to produce tuber 
culopneumoconiosis was considerably great 
er than that of the other dusts and. silicon 
carbide was least able to produce this lesion. 

rom a pathogenetic study of the experi 
mental lesion it is concluded that tuberculo 
pneumoconiosis is basically chrom 
obliterative alveolitis with fibrous replace 
ment of normal tissues. Central necrosis, if 
present, is a secondary phenomenon. 
whether there 
the 


which in conjunction with a 


The question ratsed 


exists any dust of so-called 


‘inert type 
tuberculous infection may not produce tu 


berculopneumoconiosis, provided that the 


concentrations of dust in the lung are suffi 
ciently large and provided that the virulence 
of the infecting organism ts adequate. 


Gross et al 


Miss Ethel B. Tolker prepared the slides 
4400 Sth Ave. (13) 
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Occupational Cancer: Methods of Epidemiological 


Study 


ROBERT E. ECKARDT, M.D., Ph.D., Linden, N. J. 


The industrial physician or medical direc- 
tor is interested in knowing whether or not 
the operations for which he is responsible 
may be with an 


associated occupational 


cancer hazard. This interest does and nat 
urally should arise from entirely practical 
considerations. The physician’s own aca 
demic interests must not be overlooked, but 
these are secondary to the practical consid 
erations. 


He needs to know whether or not 
such a hazard exists in order that he may 


properly advise management concerning the 
hazard and the steps which need be taken 
if it is to be reduced or eliminated. 

It is important for the industrial physi 
clan to recognize that, although experimental 


added 


knowledge of carcinogenic mechanisms and 


carcinogenesis — has much to our 
aided in pinpointing, and thus controlling, 
occupational cancer hazards, it has not really 
uncovered any new occupational cancers. 
Occupational cancers have been uncovered 
by careful clinical studies undertaken by 
physicians who have some knowledge of 
fur 
ther essential for the industrial physician 


cancer as a disease of humans. It ts 


to realize that our knowledge of carcino 
genic mechanisms has not yet advanced to 
the ‘point where a “standard carcinogenic 
test” has been developed which in any way 
will define the hazard which may be present. 
As already indicated, properly designed 
carcinogenic tests in animals may aid the 
physician in pinpointing a hazard of which 
he has already been made aware through 
his clinical studies. To expect more of them 
at this stage is totally unwarranted. 

Some of you, perhaps, may be somewhat 


alarmed by the use of the term “epidemiol 


Director, Medical Research Division, Esso Re 


search & Engineering Company 


ogy” in relation to occupational cancer. In 
essence, however, this simply means the 
application of statistical methods to clinical 
material. The 


epidemiological studies, whether of cancer 


foundation of all definitive 


or any other disease, remains careful clinical 
observations. These observations must, of 
course, be correlated with occupational data, 
but without good careful clinical observa 
tions no epidemiological studies are possible. 
Thus, the physician forms the cornerstone 
of all epidemiological studies. 

Why does a physician develop an interest 
in conducting an epidemiological study of 
The 


Perhaps he has a clinical hunch. 


occupational cancer reasons may be 
multiple. 
Now what, really, is a clinical hunch? To 
the the 


thinking and judgment by a physician. As 


me, clinical hunch is exercise of 
such, it represents the highest form of a 


physician's activities. It is what distin 
guishes a mature clinician from the medical 
student. But the clinical hunch ts actually 
only a theory and, as such, needs experi 
mental, clinical or. statistical confirmation. 
The physician, therefore, should be encour 
aged to have clinical hunches but must be 
cautioned not to accept them as established 
facts until he has the experimental, clinical 
or statistical confirmation of them. Epi 
demiology is basically such’ statistical con 
firmation. On the other hand, the interest 
of the physician in epidemiological studies 
may have arisen as a result of inquiries 
either from employees or management. Ver 
haps it has arisen from studies of official 
statistics, such as mortality rates by occu 
pation, mortality rates by specific areas, 
mortality from specific forms of cancer, 
social security records, or occupational dis 
ease 


reports. Perhaps the interest of the 
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physician in epidemiological studies of oc- 
cupational cancer has arisen from insurance 
company statistics. The use and limitations 
of official and insurance company statistics 
in epidemiological studies of occupational 
cancer have recently been discussed in some 
detail by the Committee on Occupational 
Cancer of the Council on Industrial Health.' 
This document would well be worth study- 
ing by any person interested in occupational 
cancer, 

Once the industrial physician's interest 
has been aroused by one of the means above, 
he next needs to develop a plan of action, 
and it is this I wish to discuss with you 
today. How does the physician proceed 
once his interest is aroused 7 

The first step is to pull the records of all 
the cancer cases that have occurred in the 
industry under study for a finite period of 
time. It is necessary to point out that this 
should be for an extended period of time 
and not just one year. Five or ten years 
usually constitutes an adequate interval. A 
study that encompasses only one year prob 
ably will not be very fruitful unless a very 
large number of employees, say 100,000. or 
The clinical record of 
detail 
the reliability of the diagnosis confirmed. 


more, are involved, 
each case should be studied in and 
kach case of cancer should be classified as 
te its site of primary origin, its histological 
type, metastases, clinical course, etc. It ts 
essential that nothing be taken for granted 
in such a study, but that an attempt be made 
to verify everything in each medical record. 
Perhaps the most frequent error to be un 
covered in such a study is that metastatic 
cancers of the lung or liver will be listed 
The 


term lung cancer or liver cancer should be 


as “lung cancer” or “liver cancer.” 


reserved for primary cancers of these or 
gans. A distinction between adenocarcino- 
mas and other forms of lung cancer, and 
hepatomas and cholangiocarcinomas of the 
liver, is also important for further studies. 

Having pulled all the reports of cancer 
cases, confirmed the diagnosis, and classified 
them as to site of primary origin, the physi- 
cian is in a position to make some prelim- 
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inary calculations. By consulting — the 
employment director, it should be possible 
to obtain figures on the average number of 
employees for each year of the study under 
investigation. Preliminary calculations of 
incidence rates can then be undertaken from 
the following formula: 

Incidence per 10,000 employees per year 

Man 100,000 

where N=number of cancer cases 

Man-years can be obtained by adding 
the average number of employees for each 
year of the study together or, in a very 
stable employee population, by multiplying 
the average number of employees by the 
number of years. Since the past 10 or 15 
years have been ones of expanding employ 
ment, it is probably better to add the figures 
together. Let me illustrate. Let us assume 
that 100 cases of verified cancer were found 
for the 10-year period 1948-1957. The aver 
age employment figures per year were found 


to be as follows: 


1948 3,000 
1949 3,000 
1950 3,000 
1951 3,000 
1952 3,200 
1953 3,750 
1954 4,000 
1955 3,900 
1956 4,250 
1957 4,500 

Total 35,6000 

Then incidence 100,000 280/100,000/y ear 


This would represent an essentially nor 
mal incidence of cancer of all sites when 
compared with the general population. It 
may be necessary to introduce adjustments 
into these figures because of the age, sex, or 
race distribution, or the geographic location 
of the employed population. The best avail 
able cancer incidence figures for the general 
population for use in making comparisons 
are those compiled by Dorn and his asso 
ciates.* 

Separate calculations of incidence rates 
by sex should also be undertaken. This, 
of course, requires employment figures for 
the sexes. 
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It is next desirable to make a breakdown 
of all the cancers and calculations of inci- 
dence rates by site of primary cancer. 

The primary breakdown of sites can also 
be guided by this monograph. Thus, Dorn 
and associates the 
groups of sites: 


use following broad 


Digestive system Brain and 
Skin 
Genital organs 


nervous 
system 

Bone 

Respiratory organs Soft tissue 
Urinary organs Endocrine glands 
Buccal cavity Breast 
Lymphoma 
Leukemia 


Other sites 


Incidence rates by such broad groups of 
sites should then be calculated and 
compared with rates for the general popula 
tion. Further breakdown can_ be 
plished if this seems warranted. Thus, the 
digestive system could be broken down into 
stomach, large intestine, rectum, pancreas, 


also 


accom 


liver, biliary passages, small intestine, ete. 

When such calculations have been made, 
several questions can be answered. The first 
answer obtained by such a study is whether 
the medical records are in sufficient order 
to permit fruitful studies. If the over-all 
cancer rate is significantly lower (12 or 
less) than anticipated, this may suggest, if 
no other explanation is found, that the 
medical record system may need some over- 
hauling. Perhaps it is not set up to facili 
tate the reporting of any individual disease. 
If not, steps could be taken to establish a 
system which would permit such analyses. 
Is the distribution of cancer by sites ap 
proximately normal? If an abnormal per 
centage of all cancer cases is of one site, 
this may warrant further investigation. Is 
there anything unusual about the numbers 
of cancers of the organs usually associated 
with occupations? These organs are the 
skin, scrotum, bladder, and lungs. If so, 
further detailed studies may be warranted. 

One further step in the study is war 
ranted even at this stage, no matter what 
the over-all incidence figures show. This is 


to develop an occupational history on each 


case of cancer to see if any unusual patterns 


of long-term employment in any one occu 
pation are evident. Thus, even though the 
bladder cancer incidence might not be high 
for the total employee group, if all or most 
of these cancers have occurred in a selected 
group of persons whose exposures appear 
comparable, then additional studies would 
be warranted. 

Until this stage, any figures that are de 
veloped are strictly exploratory. They show 
neither the the 
occupational cancers; their sole purpose ts 


presence nor absence ot 
to determine whether more detailed studies 


are warranted. If anything suspicious or 
unusual is uncovered in these studies, then 
detailed definitive studies can be justified. 
A description of such a study has been given 
by Hendricks et al.4 In essence, it consists 
of detailed incidence calculations on specific 
groups of workers. Let us assume that 9 
out of 10 bladder cases were found im a 
group of men all engaged in a single occu 
pation. It then would become worth while 
to investigate specific incidence figures for 
men engaged in this occupation. To do this 
generally requires a detective-like approach. 
First, the paymaster should be consulted to 
see if he has past records which may shed 
light on the number of people who have 
been engaged in the particular occupation 
and for how long. Because of present-day 
cost accounting methods, this source may 
provide invaluable figures. It may be pos 
sible to determine how many people have 
ever been employed in the department undet 
suspicion and the duration of each person’s 
employment. Movement into and out of this 
department can be observed and such inter 
rupted employment can be summated over 
the years of study. Thus, it might be found 
that 800 or 900 people were employed in the 
given occupation for one day or more, 
Whereas perhaps only to of this 
number were employed five years or longet 
In addition, the minimum employment of 
a man with the cancer under suspicion can 
This natural 
cut-off point for these studies. Thus, if such 


be determined. serves as a 


minimum employment ts found to be nine 
years and six months, then incidence rates 


77/337 


ig 


should be calculated for employees having 
nine or more years cumulative service in 
the department. 

The detective work should continue by 
consultations with the foreman of the de 
partment, who may be able to give valuable 
leads to the physician in terms of subdivi 
sions of the department. Thus, his depart 
ment may be divided into six or eight work 
groups, each one performing a task dis 
tinctly different from any other group, vet 
relatively uniform within the group. 

When the names of the men who have 
worked in the given department have been 
obtained, then the medical record of each 
man so employed should be pulled from the 
file and reviewed. Perhaps some men will 
be found with symptoms highly suspicious 
of but 
whom a definitive diagnosis was never en- 


the cancer under consideration on 


tered on the industrial medical record. Con 
sultation with the private physician who 
for the 
where he was treated, may disclose addi 


cared man, or the local hospital 


tional cases of cancer of which no record is 
available in the industrial medical record. 

The consultations with the foreman may 
disclose additional valuable information be 
cause he may reeall from memory certain 
of who had trouble about which 
they did not consult the industrial medical 


department. 


his men 


He may also know of retired 
employees who dey eloped trouble after their 
retirement. to 
establish a definitive diagnosis, of course, 
should be undertaken. 


Follow-up of such cases 


When the sleuthing and detective work 
has been completed, two sets of figures will 
be available. On the one hand, will be the 
numbers of cancer cases. On the other, will 
be the numbers of men employed, broken 
down by length of cumulative employment. 
The subsequent calculations are simple and 
straightforward in accordance with the for 
mula given. When they are completed it 
will be possible to say with a great degree 
of certainty whether an occupational cancer 
hazard is present. If no problems are found, 
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the physician can relax until, for one reason 
or another, his interest is restimulated in 
the future. If a problem is found, the prob- 
ability is that its exact location will be 
uncovered by the completed studies, and 
steps for adequate control can be undertaken 
at the minimum cost to the company. 

| would like to reemphasize, however, that 
the foundation of all such studies must be 
the medical record, maintained by the indus- 
trial physician, of his employees. The ac- 
curacy and completeness of such records are 
the direct responsibility of the industrial 
full The 
success of any epidemiological study, there- 


physician, be he or part-time. 
fore, will be dependent upon how well this 
responsibility has been met. In addition, 
some method should be developed for re- 
trieving the information entered into that 
record, Once these two requisites have been 
fulfilled, epidemiological studies are possible 
with some additional detective work with 
the employment and payroll departments, 
and with foremen or others who know well 
the operation and its people, past and pres 
The 


straightforward, 


ent, mathematics simple and 


of 
multiplication, and division. Do not let the 


are 
consisting addition, 
term “statistics” or “epidemiology” frighten 
you, because they constitute the easiest part 
of the study. The hard part 1s what you, as 
physicians, know best, namely, clinical ob 
servations and their careful recording and 
analysis. 
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Questionnaire 


ALBERT J. ERDMANN Jr., M.D., New York 


There is reviewed here 10) years’ ex 
perience in the use of a self-administered 
health questionnaire, The Cornell Medical 
Index (CMI). It 


was devised to meet the need for an instru- 


Health Questionnaire 


ment suitable for collecting a large body of 
medical and psychiatric data. Studies have 
shown that the information obtained in this 
way is pertinent, reliable, time-saving, and 
diagnostically useful. 

The CMI is a four-page sheet, letter-size, 
headed “The Cornell Medical Index Health 
Questionnaire.” The term “Health Ques 
tionnaire” explains the nature and purpose 
of the form to the patient. The CMI con 
tains 195 questions in informal language, so 
worded as to be understood by persons with 
a reading knowledge of simple [English 
After each question a “Yes” and a “No” 
appear. The patient answers the questions 
by circling one. In every instance a “Yes” 
answer indicates that the patient claims to 
have the symptom. 

Questions are of four kinds: those relat 
ing to bodily symptoms, those relating to 
past illnesses, those relating to family his 
tory, and those relating to emotions. Ques 
tions are grouped in sections, each headed 
by a letter of the alphabet. A list of these 
sections, together with the number of ques 
tions in each, is given in Table 1. 
the CMI, one 


women. 


There are two forms of 


for men and one for They are 


identical except for six questions the 


genitourinary section. 


From the Department of Medicine, New York 
Hospital-Cornell Medical Center 
Copies of the Cornell Medical Index Health 


Questionnaire may be obtained from the author, 
Cornell University Medical College, and The New 
York Hospital, 525 E. 68 St. 


Experiences in Use of Self-Administered Health 


Taste 1.—Sections on the Cornell Medical Indea 
Questions, 
Section Questions Referring to No 
Eyes & ears 
Bb Respiratory system Is 
C Cardiovascular system 13 
Digestive tract 23 
E Musculoskeletal system 
Skin 7 
G Nervous system Is 
Genitourinary system 
I Fatigability 7 
J Frequency of illness 9 
kK Miscellaneous diseases 1h 
I Habits 6 
Mood & feeling patterns 
M Inadequacy 12 
N Depression 6 
Anxtety v 
Sensitivity 6 
Q Anger 
RK Pension 
Total 195 


(Questions were selected to correspond lo 
those usually asked in a detailed and compre 
The 


and medical usefulness of responses to each 


hensive medical interview. accuracy 
were rigorously tested before the questions 
were included in the CMI. Many variations 
of the form of each question were devised 
and tested on more than 1,000 persons 1 
The 


that yielded answers substantiated m= oral 


several geographic areas. wordings 
interview were selected for inclusion on the 
form. 

The 
several groups of patients at the New York 


questions were finally tested on 


Hospital In one of these groups the re 
CMI of 179 


patients admitted to the Medical Department 


sponses on the consecutive 
were compared to the historical data re 
corded by the examining physicians im the 
The patients’ 


patients’ hospital records. ! 


answers on the CMI were found to corre 
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TABLE 2.—Average Number of Items Noted in 
Each Cornell Medical Index and in Each 
Hospital History (N=179) 


Average No. Items 


History 
Only 


CML & 
History 


CMI 
Only 


Items answered affirma- 
tively 79 27.7 
Items answered negatively 9.0 148.4 


Total items noted 16.9 * 176.1 * 


* These two numbers total only 193 because of omissions by 
some patients 


spond closely with the answers to. similar 
In addi- 
tion, the CMI collected not only almost all 
the historical data recorded on the hospital 
records but 


questions asked in oral interview. 


significant 
amount of data omitted from the hospital 
histories (Table 2). 


also. collected 


The accuracy and completeness of the 
diagnostic appraisals that are possible with 
the CMI were tested with 191 consecutive 
general medical patients.*, When interpreted 
by physicians with no other information 
about the patients than their CMI's, the 
questionnaires diagnostic 


yielded correct 


deductions for — almost patient 
(Table 3). The interpreters of the CMI 
identified almost all (94% ) of the diagnostic 


every 


categories in which disease was found in 


hospital investigation, and, in addition, 


physicians could often infer (in 87 of 


TABLE 3.—Average Number of Diagnostic Areas 
per Patient in Which Diseases Were Identified 
w Hospital Investigation and with the Cornell 

Medical Index (N 191) 


Diagnostic Areas Identified Only 


In Hospital 
& with CMI 


In Hospital With CMI 


Practitioner | 6.9 
Practitioner 2 
Practitioner 3 
Practitioner 4 
Intern 1 
Intern 2 
Average, all 
physicians 
Nurse 
Technician 
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these categories) what specific diseases were 
present. 

Many evidences of disease, some of cru- 
cial diagnostic significance that had been 
overlooked in hospital investigation, were 
identified with the CMI, This was especially 
true of the psychological aspects of the dis- 
Case. 

The industrial physician has only limited 
time for the examination of each patient. 
The most important, difficult, and time-con- 
suming part of the examination is the elicit- 
ing of a comprehensive history. The CMI 
provides the answers to 195 questions, many 
more than are usually asked on a detailed 
medical interview, It aids in the identifica- 
tion of areas that need further investiga- 
tion, 

The patient takes about 15 minutes to 
complete the form, and the physician re- 
quires 1 to 2 minutes to review the data it 
The 
which the patient’s complaints lie. 


defines the areas in 
If the 


scattered 


elicits. review 
complaints are numerous and 
throughout many sections, they suggest that 
an emotional problem may also exist. 

In subsequent interview the physician can 
complete the history-taking by eliciting the 
present illness and elaborating the com 
plaints the patient made on the CMI. Be- 
CMI 


identical for each person it has been possible 


cause the asks questions that are 
to compare groups of persons and to dif 
ferentiate among populations. A study com 
pared the responses of 5,119 consecutive 
New York Hospital outpatients to the CM1, 
according to the age, sex, race, and educa- 
and 
women were found to make more complaints 
referring to the body than did the younger. 
In each successive decade male patients had 


tion of the respondent.* Older men 


an increasing number of bodily complaints, 
as shown in the Figure. lor women there 
was a sharp increase in the number of com- 
plaints concerning the body at the 26-to-35 
age decade. For moods and feelings, on the 
other hand, older men and women made the 
same average number of complaints as did 
the younger, 


Vol. 19, March, 


1950 


a 

04 2.8 
04 29 
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04 3.2 
04 29 
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SELF-ADMINISTERED HEALTH QUESTIONNAIRE: 


The median number of 
bodily complaints on the 
CMI of men (clear areas) 
and of women (solid 
areas) for five age groups. 
Horizontal values are the 
ages of the groups; ver- 
tical values are the median 
number of complaints 


12-25 


In all age groups women expressed more 


complaints than did men. Negroes aver 


aged only a few more complaints than did 
the whites of the same sex. 


There was no 
significant correlation between education and 
the number of complaints. The data indi 
cate that medical complaints can be evaluated 
in terms of the patient’s age and sex as 
well as in terms of disease. 

In the psychiatric comparison of entire 
populations the use of a scoring technique 
for the CMI may be used. This method is 
objective, that is, entirely independent of the 
varying skills of different interpreters. It 
employs the criterion of the number of 
“Yes” 


whether there are differences among popula 


answers on the form to determine 
tions, 

Table 4 uses this technique to compare 
five different populations of men. The first 
two groups listed are of ostensibly healthy 
persons, the third is a hospital outpatient 


erdmann 


26-35 36-45 46-55 56-62 


population, and the last two are of patients 
with emotional disturbances. 


The Table shows differences in the num 


ber of complamts made by the two groups 


4.—Proportion of Subjects thi 
Spectfied Number of “Yes” Responses on th 
( Vi, for hive Sampli sof Ven * 


282 
i62N.Y. N.Y.C 
Hlosp 


2,107 ISS N.Y 

Ostensi N. ¥ Hosp 
bly Hospital Neurot 

Healthy, Patients, 


Psychi 
“Yes? 

Responses, 

No 


Employee atric 


*‘Normals,"’ Patients, Patients 


10 
2 or 
40 or 
0 or 
Mor 


more 
more 
more 
more 
more 
HO or more 


70 or more 


* The table reads, for example, at the scoring level of 50: 1% 
of the N.Y. Hospital ‘Normals,’ 2% of the N. Y. City ostensi 
bly healthy population, 8% of the N. Y. Hospital patients, 26% 
of the N. Y. Hospital neurotic patients, and 45% of the V. A 
psychiatric patients gave 50 or more “Yes’’ 

Suggested critical scoring levels. 


answers 


; 
ps 
+ a 
20 | 
15 
} 
| i 
5 
0 
2s 67 71 NY 97 
Of 47 42 tis 
10 23 7H : 
t ol 2 OS 2 
01 ol 03 16 
On 00 02 Os 
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of ostensibly healthy people. The first of 
these groups consisted of employees of the 
New York Hospital, while the second was 
taken from the population of New York 
City. 
from the difference in motivations. Among 


The difference between them stems 
the employees there were undoubtedly a 
number who felt that their jobs might be in 
jeopardy if they made many medical com- 
plaints. Consciously or unconsciously they 
did not report them. Hospital patients made 
only a few more complaints than did the 
ostensibly healthy people, which suggests a 
similar incidence of influences causing medi- 
cal complaining. 

Both groups of patients with psychiatric 
disturbances made a considerably greater 
number of complaints than any of the other 
groups. Where there are a large number of 
complaints on the CMI, it is then reasonable 
that the presence of a psychiatric disorder 
may be suspected. 

Table 5 shows a similar comparison of 
four groups of women. In every case the 
number of complaints made by the women 
were greater than those made by the com 
parable male populations. 

The CMI has been useful in assessing 
individual patients in such situations as hos 
pital admitting clinics, army induction. sta- 


tions, and preemployment examinations. 


Taste 5.—Proportion of Subjects Giving th 
Specified Number of “Yes” Responses on the 
CMI, for kour Samples of Women * 


307 N.Y. 328 343 N. Y 
Hosp N.Y.C. 3,104N. Y. Hosp. 

“Yen” Employee Ostensibly Hospital Neurotic 

Responses, ‘‘Normals’’, Healthy, Patients, Patients, 
No. % % % 
10 or more 43 7 4 99 
20 or more 1s 62 &3 
30 or more t¢ 05 30 44 65 
40 or more 02 16 30 49 
50 or more t ol ov 18 34 
60 or more 00 05 10 21 
70 or more 00 02 05 12 


* The table reads, for example, at the scoring level of 50; 1% 
of the New York Hospital ‘‘Normals,”’ 9% of the New York 
City ostensibly healthy population, 18% of the New York Hos 
pital patients, and 34% of the New York Hospital neurotic 
patients gave 50 or more ‘‘ Yes’’ answers 

t Suggested critical scoring levels. 


82/342 


. A, ARCHIVES OF 


INDUSTRIAL HEALTH 


A study was made of 336 patients who 
entered the Admitting Department of the 
New York Hospital to discover how useful 


is the CMI in identifying patients in need 
of a comprehensive medical examination.' 
It was found that the CMI helps in the 
identification of patients whose important 
medical disorders would be overlooked with- 
out comprehensive medical investigation. 
The 


serious diseases overlooked in the hospital 


following case history illustrates 


when the patient’s need for general medical 
investigation had not been recognized by the 
admitting physician. 

The patient was a housewife, age 40, who was 
referred to the dermatology clinic for a presenting 
symptom of itching skin. There her disorder was 
diagnosed as lichen planus and treated with salve 
and other medicaments. 

On her CMI 
three related to her skin. 


were 59 complaints besides the 
Interpreters of the CMI 
inferred a need for general medical investigation 
for disorders of the teeth, bowel habits, musculo 
skeletal system, skin, urinary tract, gynecological 
system, and emotional status. On reexamination of 
the patient these inferences were confirmed 

The gynecological and emotional aspects of her 
total 
importance. 


medical problem proved to be of major 
Because of a pelvic mass the patient 
was referred to the gynecology clinic, where ar 
rangements were made for immediate inpatient ad 
During her bilateral 


salpingo-oophorectomy was performed. The patho- 


mission. hospital stay a 
logical report was chronic salpingitis and benign 
serous and follicular cyst of the ovary. A psychia- 
trist noted a long history of stress, tension, grief, 
disappointment, and family conflict. 

The admitting physician, questioning the patient 
only about her presenting symptom of itching skin, 
failed to recognize her need for general medical 
The CMI, however, called attention to this 
need and to the presence of symptoms of potentially 


care, 


grave gynecological and psychiatric disorders. 

A group of inductees, whose subsequent 
careers in service were followed, were tested 
with the CMI.° Those with many complaints 
on the CMI performed less adequately than 
did those with few complaints. Table 6 com- 
pares CMI scores with manifestations of 
psychiatric and psychosomatic disturbances 
during the first four months of training. 
Within one year of induction, almost one- 
third of the men with the highest 5% of 
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TaBLe 6.—Relation of Number of “Yes” Responses 
on the CMI to Criteria of Competency of 
Performance During Army Training 


837 Men 
with Fewer 
than 50 


63 Men 
with 50 
or More 
“Yes” 


Mean No. sick calls 

Mean No. days hospitalized 
Mean No. of days AWOL 
Y men convicted by courts 
men discharged 


martial 


CMI scores were no longer performing fully 


effective military service.® 

While there is a_ significant correlation 
between CMI scores and the criteria of ade 
quacy of military behavior, the coefficient of 
correlation is not unity and does not, there- 
fore, permit identification of every person 
who will fail to function effectively. The 
CMI score can be used to classify inductees 
into groups for which there can be made 
an actuarial estimate of the probable number 
of men who will perform poorly. A leading 
reason why the CMI, or other methods of 
estimating adequacy for military service, 
cannot give completely accurate predictions 
is that men in military service are not sub 
jected to uniform amounts of stress. More 
over, it is easier to judge if a man has a 
neurosis than to predict whether his neurosis 
will incapacitate him for military service. 

evaluating the medical capabilities of in 
dustrial employees is similar to that of 
evaluating Army inductees. A’ study was 
made at Benson & Hedges, a cigarette-manu 
facturing firm, of the CMI as an instrument 
to identify those applicants who were medi 
cally or psychiatrically unsuited for the job 
requirement or who, 1f hired, were likely to 
have frequent absences from work.* 

The CMI’s of applicants for employment 
who were hired were compared to those of 
the applicants who were rejected by the 
company doctor. For those hired, the num 
ber of complaints on the CMI was related 
to the subsequent record of absences. Data 
concerning men and women were treated 
separately. The responses on the CMI were 
scored according to the number of “Yes” an 


TABLE 7.—Section M of the CMI 


Do you sweat or tremble a lot during exam- 
Yes 
Do you get nervous and shaky when ap- 
proached by a superior? 
Does your work fall to pieces when the boss 
or a superior is watching you? 


inations or questioning?. 


Does your thinking get completely mixed 
up when you have to do things quickly? 
Must you do things very slowly in order to 
do them without mistakes? 
Do you always get directions and orders 
wrong? 
Do strange people or places make you 
ifraid? 
52. Are you scared to be alone when there are 
no friends near you? 
Is it always hard for you to make up your 
mind? 
Do you wish you always had someone at 
your side to advise you? Yes 
Are you considered a clumsy person? Yes 
Does it bother you to eat anywhere except 
in your own home? 


swers on the entire form and also to the 


12 questions of special industrial impor 
tance in Section M (Table 7). 

Table 8 compares the frequency distribu 
tion of the number of “Yes” responses on 
the CMI of applicants for employment at 
Benson & Hedges to the frequency distribu 
tion of previous populations studied. The 


Taste Cent of Men and Women in bach 
Sample with the Specified Number of “Yes” 
Responses on the Cornell Medical Index 


5 Samples of Men 


205 282 
B&H. N.Y.C 

Job Osten 
Appli- 
No. cants 


2,107 
Hospital 
Patients 


ISSN. Y. 371 V. A, 
llosp 
Neurotic 
Patients 


yehi- 
ponses sibly 


Healthy 


Patients 


10 or more : 67 89 
2 or more 4 37 
tore 
{0 or more 
bor thore a 


4 Samples of Women 
201 328 

B. & Il N.Y.C€ 
Job Ostensibly 

Applicant Healthy 


43 
Y llosp, 
Hospital 


Patient 


Neurotic 
Patients 


10 or more 
20 or more 
or more 
4) or more 


Aor more 
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145. 
No 
146, 
No 
147, 
No 
1 
1 2.6 No a 
1 3.9 
0 14 No : 
1 8.0 No 
No 
No 
No 
No 4 
No 4 
No 
45 
“Yes” 
Responses 
No 
10 
4 30 4 65 
1 16 30 49 : 


A. 


Table shows that the applicants for employ- 
ment indicated significantly fewer 
plaints on the CMI than did the other 
groups, fewer than the “ostensibly 


com- 


even 
healthy” group. The incentive of applicants 
for employment to report medical complaints 
is different than is the incentive of these 
other groups. 

During a three-year period the company 
physician examined approximately 800 can 
didates for employment. Of these, 31 men 
and 36 women were rejected for medical 
disabilities. In order to determine whether, 
for those hired, there exists a relation be- 
tween the number of medical complaints on 
the CMI and the incidence of absence from 
correlation de- 


work, coefficients of were 


rived. lor both sexes and for both the en- 
tire CMI and for Section M alone the 
Taste 9.—Coeffictents of Correlation for 145 Men 


and 134 Women Between Number of Absences in 
Str Months and Number of “Yes” Responses 
on Entire CMI and in Section M Alone * 


“Yes’’ Responses 


Entire Section 
CMI M Alone 
{ Men 0.40 0.42 
Absenses 4 
Women 0 26 0.23 


* Correlations of 0 21 or higher are significant at the 0.01 level. 


correlations (Table 9) between the number 
of “Yes” responses and the number of ab- 
sences are significant at the 0.01 level. [ém- 
with the greater number of 
complaints on the CMI, therefore, had more 


] 


absences than did employees with fewer 
complaints. 

Where applicants for employment make 
a large number of complaints, however, 
CML itself should not be used as a screening 
device to bar employment. The CMI is use- 
ful in warning the industrial physician that 
the job applicant may have certain disorders 
that require careful medical evaluation in 
terms of the job requirement. 

Conclusion 

It is possible to collect a large body of 
diagnostically significant medical and psychi- 
atric data by means of a self-administered 
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health questionnaire, The Cornell Medical 
Index. These data are useful and reliable and 
are obtained at no expense of the physician’s 
time. The CMI has been found useful (1) 
in private and hospital practice, as part of 
the initial examination and as a basis for in- 
vestigative procedures; (2) in hospital ad- 
mitting the 
physician in identifying those patients who 


clinics, to assist admitting 
require referral to the general medical de- 
partment for comprehensive medical inves- 
tigation; (3) in making surveys to compare 
the probable number of persons with speci- 
fied symptoms, medical disorders, or emo- 
tional disturbances in one population with 
the number in (4) in industrial 
medical departments, to aid in the medical 


others; 


investigation of employees or applicants for 
employment and in periodic health examina- 
tions. 

Department of Medicine, New York 
Cornell Medical Center. 
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Health Aspects of Nuclear 


NIEL WALD, M.D., Pittsburgh 


Sefore considering the pertinent health 
aspects of nuclear technology, it might be 
well to indicate the scope of industrial ac 
tivities with which we shall concern ourselves 
under this heading. Nuclear technology for 
our purposes may be taken to include any 
industrial activities in which nuclear energy 
plays a role, whether primary or merely 
incidental. Thus we must keep in mind the 
small plant using one radioactive thickness 
gauge as well as the large AIC installation 
with its great complex of radioactive proc 
esses and sources. 

The atomic energy industry has under 
gone phenomenal development since its natal 
day in 1942, and slowing of its rate of in 
crease is not evident as yet. On the con 
trary, in the four years since passage of the 
liberalized Atomic Energy Act of 1954, pri 
vate industry has added further impetus to 
its growth, 

Nuclear energy activities in industry can 
be divided into five main categories: (a) 
provision of nuclear materials; (/) produce 
tion of reactors and their components; (¢) 
operation of reactors; (d) production of 
radioactive products, and (e) utilization of 
radioactive materials. Many of these over 
lap somewhat. 

A few pertinent facts about each category 
may give some idea of the orders of mag 
nitude involved : 1? 

Materials 
The United States is the world’s leading 
producer of uranium, 10,000 tons of uranium 


(a) Provision of Nuclear 


oxide (U,0x) in 1957, with 16 mines and 
mills operating and 9 more under construc 
tion. 

(hb) Production of Reactors and Compo 


nents,_-As of Dee. 31, 1957, a total of 149 


Department of Health, Graduate 


School of Public Health, University of Pittsburgh 


Occupational 


Technology 


reactors had been built and operated in the 
United States; 89 were under con 


struction, and 67 more were planned. Ten 


More 


concerns were licensed to fabricate fuel ele 
ments. 

(c) Operation of Reactors. As of June 
30, 1958, there was one civilian power reac 
tor in operation (Shippingport, Pa.). Four 
more were being built and ten more planned. 
Concerns involved are mainly private power 
and light companies. 

Production of 
ucts 


Radioactive Prod 
Although this was initially an ALC 
function, over 100 commercial firms now 
supply radioactive pharmaceuticals, isotope 
labeled compounds, sealed sources of 
radioactivity to licensed buyers in the medi 
cal professions, industry, and research. In 
dicators of are the 
National 
Laboratory, the largest single source of iso 
from 28,000 curies in 1954 to 49,000 
curies in 1955 to 110,000 curies in 1956 and 
160,000 curies in 1957, 

(ec) Utilization of 
als As. of 


rising production 


shipment figures of Oak Ridge 


topes 
Materi 


1957, about 1,600 
industrial organizations were authorized to 


Radioactive 
December, 


use isotopes for industrial purposes, includ 
ing 250 of the 500 largest corporations in 
the country. Although this represents an 
SOC increase over the 1954 total, it is only 
about 0.6 of all manufacturing and mining 
AEC studies indicate that at least 
8% to 10 of the firms could. profitably 
use isotopes. An Tsotope Development Pro 


CONnCeTHS, 


gram has therefore been initiated to acceler 
ate this utilization. 

The foregoing will serve to give some or 
der of dimensions to our thinking about 
nuclear technology. Now, let us consider 
how we are faring in regard to the health 
aspects of this new foree in our industrial 
midst. 
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Actually, the problems arising from the in 
creasing incorporation of this potentially 
deleterious agent into our industrial environ 
ment are not new in themselves. The gen 
eral lines of the industrial medical approach 
are not dissimilar to those followed in deal 
ing with other potential hazards, such as 
benzol or beryllium. One must still try to 
fit the worker to the kind of work he can 
do without detriment to his health or that of 
his fellow. One must still exercise environ- 
mental control to prevent occupational in- 
jury or disease. One must still use individual 
medical supervision and education to con 
the health. And if 


measures fail, one must still try to restore 


serve worker's these 


his health. 

However, there are certain peculiarities 
about radiation which do require considera- 
tion in planning the details of this type of 
health program. These peculiarities include 
the inability of the sense organs to detect 
this physical agent, the long latency of cer 
tain deleterious effects, the cumulative or 
irreversible nature of some of its actions, 
the possibility of genetic damage which can 
be passed on by the worker to his descend 
ants, and the relative dearth of experience 
concerning the appropriate therapy for hu- 
mans in the acute or chronic exposure situ 
ation. 

The remainder of this discussion will be 
devoted to certain current ideas pertaining 
to the two main aspects of the industrial 
radiation health problem. These are the pre- 
vention of deleterious radiation exposures 
and the recognition and management of such 
exposures when they do occur. 

There are two striking and, at first glance, 
paradoxical developments which stand out 
when one reviews the health and safety ree 
ords of the nuclear technology field. The 
first is that the lost-time injury and fatal 
accident record of the A EC 
tractors is far better than average? reaching 
a new low of 1.96 injuries per 1,000,000 
The other is that the 


and its con- 


man-hours in 1957, 
maximum permissible radiation exposure 
limits have been steadily reduced. 
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Actually, the very impressive industrial 
safety record is, at least in part, due to a 
carry-over into more routine procedures of 
the meticulous performance standards used 
in radiation handling. These are surely re- 
sponsible for the occurrence of only 12 radi- 
ation incidents involving 26 persons,” mostly 
without evident injury, in all of 1957. 

The increasing stringency of maximum 
(MPD) 


permissible concentration 


and maximum 
(MPC) limits, 
therefore, is not related to any unhappy ex- 
periences in the nuclear technology field. It 
is actually the result of the desire of the 
National Committee on Radiation Protection 
and Measurements (NCRP) to bring the 
MPD into accord with the trends of scien- 


permissible dose 


tific opinion. The probable future large in 
in radiation into 
consideration in this latest guide which was 
published in the September, 1958, issue of 
ITealth Physics \t is based on the changes 
in philosophy published by NCRP # in Jan 
uary, 1957, with implementation suggested 
by January, 1962. The AIC has adopted a 
similar policy. 


crease use is. taken 


The concept involved is that risk to the 
worker, while not accurately measurable, is 
present but that the new permissible levels 
constitute an acceptable risk. Since the new 
rules are designed to limit not only somatic 
but also genetic harm, the population radia- 
In addi- 
tion, permissible levels are set for persons 


tion dose must also be controlled. 


outside a “controlled area” but exposed to 
some increased radioactivity from within it. 
The MPD and MPC levels are set primarily 
to make the average dose to the whole popu 
lation as low as possible. Exposure in ex- 
cess of an MPD level therefore does not in 
and of itself constitute an injury in the 
clinical sense. 

With this introduction let us consider the 
new rules: The MPD to the most critical or- 
gan accumulated at any age shall not exceed 
5 rem times the number of years beyond 
age 18, and the dose in any 13 consecutive 
weeks shall not exceed 3 
cumulated MPD=(N—18) 5 rem, where 
N is age in years and is greater than 18, 


rem. Thus ac- 
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It will be noted 
that this age proration holds the young 
while 
practice will let the older worker accumulate 
a useful 


the legal minimum age. 


worker’s dose down, conservative 
reserve on which to draw when 
needed, For persons outside the controlled 
area a dose of more than 0.5 rem or Yo 
MPD should be improbable. For the general 
population the desired average is 10 rem 
from 0 to 30 years and 3.3 rem per decade 
after age 30. Also, for internal emitters 
which are not localized in the body the air 
and water MPC in controlled areas is re- 
duced to one-third of the previously per- 
mitted level. 

The lowered MPD will require certain 
changes in monitoring and record-keeping 
methods, For example, wearing of film 
badges for at least a month is suggested in 
order to accumulate enough exposure to 
will be 
totaled periodically to keep workers in- 
formed of 


make reading accurate. Records 


their cumulated dose status. 
Thirteen-week records will probably become 
more routine with these changes. 

What effect will this new MPD policy 
have on ALC and on private nuclear opera- 
made at the 


Second United Nations International Con- 


tions? Two presentations 
ference on Peaceful Uses of Atomic Energy 
in Geneva last September (1958) help to 
answer this question. 

Dr. Taylor, Chief of the 
Atomic and Radiation Physics Division of 
the National 
viewed ® the exposure experience of ALEC 


Lauriston S. 


Bureau of Standards, re- 
contractor personnel for 1947 through 1955. 
Only 0.340 exceeded 5 rem and 0.010 went 
over 15 rem. Ina small installation the use 
fulness of the age-prorated MPD principle 
was well demonstrated with an average “re 
serve dose” of 24.5 rem in workers under 
26 years old and an average “reserve dose” 
of 82.5 rem in the older workers. 

In private industry does the same situa 
tion pertain? W. A. McAdams, of General 
Electric Company, presented the findings of 
72 relatively autonomous departments of his 
company using radiation in some form, in 
plants spread over 40 cities in 20  states.® 


Wald 
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No AEC 
cluded. 


contract installations were in- 

A variety of monitoring methods were 
employed, Film badges, for example, were 
supplied and processed by one or another 
of the 18 or 20 private film badge services 
available in the United States. 
these report a baseline reading as “zero” 
while others give it as “below 50 or 30 
mrad.” Whole body exposures were shown 


Some of 


for the three main personnel categories: 


Group 1=radiation workers; Group 2 
workers in source vicinity, and Group 3 
Group 1, 0.22 
rad; Group 2, 0.62 rad, and Group 3, 0.004 
rad—again were certainly well below the 


MPD, as was the case with AEC contrac- 


all employees. The averages 


tors. There were 16 annual exposures of 
over 3 rad. lven the two highest, 12 and 
40 r, produced no clinical, hematological, or 
other evidence of injury. 

Thus we have good reason to believe that 
the utilization of the lowered MPD values 
and the age-proration principle will serve 
the hazards of 
nuclear technology without necessitating any 


to minimize population 
alterations in the conservative operating pro- 
cedures that have characterized this field up 
to the present. 

Now that we have examined the excellent 
radiation health record accompanying the 
industrial use of nuclear energy and have 
gained some understanding of the revised 
basic preventive philosophy which will help 
to maintain this record, let us consider some 
of the failures of prevention, the accidental 
overexposures, and see how they are deter 
mined and managed, Again we will concern 
with a few of the 
and trends rather than a review of all the 


ourselves newer ideas 
time-proved methods in detail. 

First, what is the frequency of overex 
posure? Out of 197 fatalities in the atomic 
energy program in the 14 years from 1943 
through 1957, exactly 2, or 1%, were due to 
radiation..*:? Both of these were research 
workers studying critically assemblies in the 
early phase of the program, when crude 
methods, no longer permissible, were em- 
ployed. field has 


This record in a which 
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involved upward of 300,000 people at the 
peak, is a good index of operational safety. 
We have already noted the rarity of ex- 
posures which have even produced acute 
clinical symptoms or signs. However, when 
it comes to recognition and prevention of 
possible delayed long-term effects of these 
accidental exposures, we can no longer feel 
as confident of our abilities. 

What kinds of accidental exposure situa- 
tions should we expect as industry’s use of 
nuclear energy increases? At the risk of 
appearing facetious, one must answer—the 
unexpected ones. It was recognized at the 
outset of nuclear energy development that 
one could not simply learn by experience 
when dealing with radioactivity, and hun- 
dreds of hazard-evaluation studies have been 
performed over the years. These and the 
consequent preplanning have resulted in the 
demonstrably successful radiation safety and 
general industrial safety programs in this 
field. 

However, unforeseen accidents, of what- 
ever limited magnitude, will always be with 
us. Human failures and mechanical break- 
downs are inevitable. Therefore, a strong 
plea should be made by those with medical 
responsibilities in this field for adequate 
‘nothing can 
dealing with a_ deleterious 
physical agent whose presence escapes our 


monitoring devices even where 
happen.” In 


senses and whose long-term effects are not 
specifically evident to our present diagnostic 
techniques even as they accumulate in the 
persons studied, we can only turn te the 
physical monitoring devices for reliable help 
latent 
biological damage. It is the silent unknown 


to avoid increasing invisible and 
exposure which must occupy our attention 
more in this period in the development of 
nuclear medicine when our only practical 
means of reducing the probability of late ef- 
fects of external y- or x-ray overexposure 
is to remove the affected person from any 
further exposure opportunity. 

In the case of external neutron exposure, 
or internal radiation exposure by ingestion 
or inhalation, the diagnostic situation has 
been improved by a recent technical develop- 
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This is the low-level human whole 
radioactivity 


ment. 
counter. There are 
already several varieties of this device in 


body 


use in the United States, as well as in Eng- 
land, France, and Sweden, 

I‘ssentially this is a scintillation counting 
device which, by virtue of maximum shield- 
ing and large sample capacity, can count the 
radioactivity naturally present in an entire 
subject as well as any increase in body bur- 
den due to internal contamination, regard- 
less of its location. The Nal crystal type 
has sufficient resolution to identify and lo- 
cate the isotopes as well. The liquid phos- 
phor type gives a faster determination of 
quantity, however. 

Not only can this device be used for meas- 
uring internal body burdens, but it has also 
been applied to the measurement of ex- 
ternal neutron exposure. This is because a 
neutron exposure will change some of the 
sodium, Na®’, naturally present in the body, 
to Na*#, a radioactive isotope. The quantity 
can be measured in the human counter and 
then related back to the size of neutron dose 
which produced it. 

We are planning a clinical facility having 
such a counter at the University of Pitts- 
burgh and have already been asked by one of 
the local industrial firms to reserve time for 
examination of some of their employees, if 
and when indicated. It is probable that a 
number of facilities across the country using 
this equipment will be able to provide a 
definite service in the diagnosis of these 
particular types of radiation exposure which 
might occur in the industrial operations in 
their vicinity. 

Another future aid in the event of acci- 
dent may be the manuals now in preparation 
at several institutions. These will suggest 
both the biomedical and the dosimetry pro- 
cedures to be followed in the diagnosis and 
management of radiation overexposures. 
With the growing number of physicians 
without special background in this field, who 
are, of necessity, accepting professional re- 
sponsibility for the enlarging population of 
workers who come into contact with nuclear 
technology, such publications may well serve 
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a twofold purpose. Foremost, they will help 
to assure that the patients receive the bene- 
fit of the latest concepts of medical manage- 
ment in the field. Almost as important, they 
will augment the slow accumulation of usable 
data concerning the effects of radiation in 
man which can then be employed to pro- 
mote even greater safety for all of us who 
live and work in this nuclear era. 

A final consideration relating to radiation 
accidents pertains to the need for an increas- 
ing number of trained personnel to concern 
themselves with the special health aspects of 
the burgeoning nuclear technology field. The 
relative success of the health program thus 
far will not be maintained unless the con- 
tinual flow of new scientific and technological 
advances is serutinized by those who are 
sufficiently knowledgeable in both the fields 
of nuclear technology and human health to 
recognize new health hazards and to avert 
them. 

This does not mean that every industrial 
plant having any contact with radioactivity 
needs a full-time specialist in radiation health 
problems. Only organizations such as pri- 
vate and government industrial operations 
using nuclear materials on a large scale, the 
Armed 
agencies could justify this. However, there 


Forces, and appropriate Federal 
must develop a pool of such experts, wher- 
ever individually located, upon whose col- 
lective knowledge the nonspecialists can 
draw when indicated. 

Only a few educational institutions, in- 
cluding the University of Pittsburgh,* are 
now commencing to provide facilities for 
the training of such specialists. It is sug 
gested that a sufficient continuing number 
of capable medical and public health per- 
sonnel be trained in these fields, so that we 


can maintain the necessary vigilance to as 


sure that the one of man’s great achieve- 
the utilization of 
shall continue to be a boon and not a bur- 


ments, nuclear energy, 


den. 


In summary, we have considered the scope 
of nuclear technology in industry today. Its 
health aspects, the prevention and manage- 
ment of radiation exposures, have been re- 
viewed. Certain present-day concepts of 
tolerance-dose levels and new aids in han- 
dling accidental exposure cases have been 
discussed. The need to learn more about 
human radiobiology from such cases has 
been pointed out, as has been the necessity 
for more trained radiation health specialists 
to prevent them. 

Department of Occupational Health, Graduate 
School of Public Health, University of Pittsburgh 
(13). 
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Diisocyanates: Toxicology 
Résumé 


JOHN A. ZAPP Jr., Ph.D., Wilmington, Del. 


Polymeric materials, prepared by the re- 
action of polyisocyanates with other ma- 
terials, such as polyols, are being widely 
used as adhesives, plastics, rigid or elastic 
foams, and synthetic rubber. These poly- 
mers present no unusual toxic hazards. The 
diisocyanate monomers commonly used in 
their preparation, however, are very irritat- 
ing materials, even though their systemic 
toxicity is not great. 

Inhalation of the vapors of the isocyanate 
monomers leads to irritation of the respira- 
tory tract, which may be followed within 
hours by asthmatic attacks, Opinion is 
mixed as to whether these asthmatic attacks 
are allergic in origin or not, but the evidence 
suggests that some persons develop a hyper- 
sensitivity to the isocyanates after repeated 
exposures, 


Skin tests with guinea pigs have shown 


that the most widely used isocyanate mono- 
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mer, toluene-2,4-diisocyanate, is a weak skin 


sensitizer, and it is assumed that the same 
would be true of other polyisocyanates, Sen- 
sitization dermatitis is rare, however, among 
those preparing polymers based on the iso- 
cyanates. This may be partly owing to the 
fact that the irritating nature of the ma- 
terial naturally leads to cautious handling. 
I have suggested that the maximum con- 
centration of toluene-2,4-diisocyanate in the 
air should not exceed 0.1 ppm, basing this 
estimate on the response of animals to con- 
centrations of 1 to 2 ppm. The experimental 
work supporting these findings and recom- 
mendations with respect to the toxicology of 
the isocyanates can be found in an article 
by me, “Hazards of Isocyanates in Poly- 
urethane Foam Plastic Production,” which 
appeared in the A. M, A. Arctives or IN- 
pustRIAL (15 :324-330, 1957). 


Haskell Laboratory, E. 
& Co., Inc. (98). 
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Safe Use and Safe Handling of Organic Isocyanates 


S. C. STRAYER, B.S., Wilmington, Del. 


The diisocyanates,* like other chemicals, 
have their own unique problems. They 
freeze at relatively high temperatures 
(50-70 F) and, unless properly handled, can 
present an inhalation toxicity problem. 
Fortunately, however, it is possible to work 
with industrial chemicals in an entirely safe 
and practical manner. Recommendations 
can be summarized in the following rules 
for safe and accident-free operation: Know 
the product and its hazards; treat recom- 
mended precautions with proper respect. So 
employed, isocyanates can be classified as 
practical, safe chemicals for industrial use. 

As with other industrial chemicals the 
common rules of not swallowing the ma 
terial, inhaling the vapors, or spilling the 
chemicals on the skin also apply to the use 
of isocyanates. For example, swallowing 
of isocyanates probably would not be fatal 
but would result in severe irritation and 
probably corrosive action on the stomach. 
Similarly, spills on the skin will cause 
reddening and local swelling of the exposed 
area unless the isocyanate is immediately 
removed and the skin thoroughly washed. 
conditions indicate, obviously, that 
rigid safety and cleanliness precautions 
should be used in handling this material. 

The toxicity of organic isocyanates when 
swallowed, or upon being spilled on the 
skin even in relatively large amounts, is 
low. Skin effects are irritation and sensitiza- 
tion. While these isocyanates are not more 
toxic when splashed in the eye than on any 
other portion of the body, they can be 

Elastomer Chemicals Department, FE. du Pont 
de Nemours & Co., Ine 

* Toluene-2,4-diisocyanate ; 80% toluene-2,4-diiso- 
cyanate and 20% toluene-2,6-diisocyanate, and 65% 
toluene-2,4-diisocyanate and 35% toluene-2,6-diiso- 
cyanate are the organic isocyanates referred to in 
this paper 


This 
fluid 
of the eye which can cause dehydration of 


harmful to the delicate eye tissue. 
results from their reaction with the 


the tissue. Such a condition causes marked 
irritation of the eyelid, and damage can 
also occur to the cornea of the eye unless it 
is promptly and thoroughly flushed with 
water, 

While the possibility of severe irritation 
to the eye in case of splashing of the 
isocyanate has been emphasized, the ac- 
cident hazard is minimized if safety glasses 
with side shields are worn as part of the 
regular job equipment. 

Similarly with the inhalation problem, 
common-sense safety practice handling 
will result in trouble-free operation. Com- 
mon-sense safety practice means following 
rigidly the recommendations for the MAC 
level, ppm, it 
is necessary to install adequate ventilation 


To meet the standard 0.1 


facilities and to monitor the work areas 
daily by air sampling to determine, and 
control, the level of isocyanate vapors. In 
case of a local area with a high level of 
isocyanate vapors, steps should be taken 
immediately to remove the contamination or 
install temporary fans for diluting the air 
in the affected area. 

As a practical guide to the limit of 
human sensitivity in detecting the vapors 
of isocyanates a series of tests were run 
on 24 persons. The range of isocyanate 
levels tested varied from 0.1 to 1.5 ppm. 
Fifty per cent of the groups reported that 
the least detectable odor was apparent at 
0.4 ppm. 
occurred at about 0.5 ppm, and appreciable 
It should 
be noted that in all cases these concentra 


Irritation of the nose and throat 
odor was recognized at 0.8 ppm. 


tions are in excess of the suggested MAC 


levels. This indicates the need for quantita 


tive testing of the work area instead of 
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A. 


dependence on human detection for con- 
tamination. 


Plant and Laboratory Design 


Maintaining the diisocyanate vapor con- 
centrations in a plant or laboratory at a safe 
level can best be done by hooding those 
areas wherein the concentration of isocya- 
nate vapors will be high. Examples are 
the unloading station, prepolymer prepara- 
tion kettle, mixing equipment, mold-filling 
station, and waste-disposal points. The hood 
should be so constructed that the minimum 
linear air velocity at the face opening should 
be at least 40 ft. per minute when in normal 
working position as measured by a velom- 
eter. 

The ventilation system should be balanced 
carefully to avoid cross flow from one 
ventilated spot to another. The hood faces 
should extend across the full width of 
equipment requiring ventilation and below 
the face of the workmen. Exhaust ducts 
should discharge at an adequate height above 
the building. It is important to avoid taking 
fresh air in at a point where exhaust gases 
might contaminate the supply. 


Decontamination Facilities 


Adequate facilities should be provided for 
decontamination of work areas in the event 
of accidental spills of isocyanates. These 
should include adequate floor drainage, 
hoses, mops, and buckets. An adequate 
supply of a decontaminant consisting of 
aqueous 5% ammonia containing 10% 
isopropyl alcohol should be maintained, An 
oil absorbent, such as “Oil-Dri,” should be 
provided, since it is helpful in drying up 
spills. The poisoned absorbent, however, 
after use must be removed quickly to a 
ventilated location or “killed” in aqueous 
ammonia. 

Safety showers should be provided in 
work areas to allow personnel to wash 
accidental spills of isocyanate quickly from 
the skin. 

If major spills occur, air-supplied masks 
of the Acme full-face type or M. S. A. 
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Chemox Oxygen Breathing Apparatus 
should be used. 


Protective Equipment 


All personnel working with isocyanates 
should use side-shield safety glasses, or 
equivalent, to guard their eyes against ac- 
cidental splashes or spills. It is also 
advisable for persons working with large 
volumes of isocyanates to wear a rubber 
apron to protect against accidental spills. 
Rubber gloves can be worn to prevent con- 
tamination of the hands. Canvas and leather 
gloves may also be used. Once contaminated, 
however, such gloves should be discarded 
promptly. 


Safety Procedures 


Operators should be trained to report 
promptly to their supervisors all leaks, 
suspected equipment failures, exposure to 
isocyanates, or symptoms of exposure. 

Properly ventilated, the work area should 
be free of any detectable odor of isocyanates 
at all times. A daily analysis of the 
isocyanate content of the atmosphere should 
be made. 

All spills of isocyanate must be cleaned 
up promptly. Aqueous 5% ammonia will 
destroy isocyanate more rapidly than water 
alone. “Oil-Dri” may be sprinkled on the 
spills to assist in cleaning up. The con- 
taminated “Oil-Dri” must be swept promptly 
and removed to a_ ventilated location or 
“killed” in water or aqueous 5% ammonia. 
After the “Oil-Dri” is swept, the floor 
must be washed promptly with water or 
ammonia solution. As previously suggested, 
10% isopropyl alcohol may be added to the 
ammonia solution to speed up its action. 

Where severe exposure to isocyanate 
vapors can be encountered, such as entering 
storage tanks or processing equipment for 
cleaning or repairing, very careful con- 
sideration must be given to the hazards 
involved. The operator should be protected 
with a completely rubberized suit equipped 
with a fresh air mask. One suitable pro- 


tective measure is the neoprene acid-proof 
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air suit sold by Mine Safety Appliance 
Company. 

Disposable contaminated articles, such as 
paper or cardboard mold liners, and wiping 
cloths, should be placed in a trash container 
A daily 
disposal procedure should be inaugurated. 


and kept in a well-ventilated space. 


Since water and sometimes acid are used 
extensively in many plants, a word of cau- 
tion should be emphasized. Neither water 
nor acids should be added to isocyanates in 
a confined space since carbon dioxide will 
be generated. The gas generated may rup 
ture the tank or drum, Similarly, strongly 
alkaline materials, such as aqueous sodium 
and potassium hydroxide or soda ash, will 
react violently. 


Emergency Measures for 
Isocyanate Exposure 


Swallowing.-Vomiting should be induced 
at least three times by giving warm. salt 
water (1 tablespoon ful per cup). lollow 
with a quart of milk and a mild cathartic, 
such as milk of magnesia. A physician 
should be called immediately. 

Skin Contact with Liquid Isocyanates 
If the exposure is major, the safety shower 
should be used immediately. All con 
taminated clothing should be removed. The 
isocyanate should be wiped off the body with 


a cloth. The affected area should be washed 


Strayer 


30% 
alcohol) and then washed with soap and 


with isopropyl alcohol (rubbing 
water. 

Contact with Eye——The eye should be 
washed with large amounts of water for at 
least 15 minutes. A physician should be 
obtained immediately. 

Inhalation of Isocyanate Vapors.—-A per 


son showing symptoms of isocyanate fume 


irritation should be removed promptly from 


the contaminated area. Oxygen can be ad 
ministered to alleviate labored breathing. A 
physician should be obtained immediately. 
like 


organic compounds, will burn, The flame is 


Fire Hazards.—\socyanates, most 
moderate owing to their low vapor pressure. 
However, the toluene diisocyanates have a 
high flash point, 275 I. If a fire occurs, it 
can be put out with a COs, soda ash, or 
carbon tetrachloride extinguisher. If a 
major fire of isocyanates is encountered, it 
should be remembered that isocyanate vapor 
will be present. Air-supplied masks of the 
Acme full-face type, or canister-type in 
gas 
vapors should be worn by personnel exposed 


dustrial masks suitable for organic 


to the fume hazards. 


lsocyanates decompose rapidly above 
527 F and should not be exposed to tem- 
peratures in this range. 

Elastomer Chemicals Department, du Pont 


de Nemours & Co., Ine 
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Microdetermination of Toluenediisocyanates in 


Atmosphere 
Résumé 


KALMAN MARCALI, Ph.D., Wilmington, Del. 


The extensive application of toluenediiso- 
cyanates has become of increasing impor- 
tance in the last few years. Preliminary 
toxicological studies by Dr. J. A. Zapp, 
of the du Pont Haskell Laboratory, have 
indicated that the maximum allowable con- 
centration of toluenediisocyanate in air may 
be 0.1 ppm. I-xposure to higher concentra- 
tions of toluenediisocyanate may cause 
disorders. It is of 
utmost importance, therefore, to have avail- 
able a rapid method of control for toxic 
concentrations of toluenediisocyanate in the 
atmosphere to safeguard the health of 
industrial operating personnel and the gen 
eral public. 


serious respiratory 


A sensitive and rapid analytical method 
has been developed for the determination of 
toxic quantities of toluenediisocyanates in 
air. The procedure is described in Analytical 
Chemistry (29 :552, 1957). 

The developed method depends upon the 
rapid hydrolysis of the toluenediisocyanate 
to the corresponding toluenediamine deriva- 
tive, diazotization of the toluenediamine in 
the presence of nitrous acid, destruction of 
the excess nitrous acid with sulfamic acid, 
and, finally, the coupling of the stable diazo 
compound at room temperature with 
N-1-naphthylethylenediamine to produce a 
reddish-blue 


color that is measured 


trophotometrically at 550 my. 


S] 


The above diazometric method has been 
incorporated into a compact, portable ana- 


Analytical Research Chemist, Jackson Laboratory, 
E. I. du Pont de Nemours & Co., Ine. 


94/354 


lytical kit. The complete kit allows the 
entire analysis consisting of air sampling, 
color formation, and color comparison with 
stable plastic standards to be performed by 
operating personnel immediately in the area 
where toluenediisocyanates are employed. 
The analytical kit is commercially available 
from the Mine Safety Appliances Company, 
Pittsburgh. 

The reaction of toluenediisocyanate with 
limited quantities of moisture to produce a 
hydrolysis product, 3,3’-diisocyanato-4,4 
dimethylearbanilide, is well known. Since 
trace quantities of this potentially toxic 
derivative may possibly be present as an 
aerosol in air, the concentration of which 
may vary with humidity and toluenediisocya- 
nate concentration, an analytical method is 
also suggested for detecting and approxi- 
mating the presence of 3,3’-diisocyanato- 
4,4’-dimethylearbanilide in the presence of 
toluenediisocyanate. 

Since the 3,3’-diisocyanato-4,4’-dimethyl- 
carbanilide does not produce color by the 
diazometric procedure, it is possible to 
determine toluene-2,4-diisocyanate by diaz- 
ometry as previously described in the 
the above carbanilide. Thus, 
after determining total toluene-2,4-diisocya- 
nate and 3,3’-diisocyanato-4,4’-dimethylear- 
banilide by measuring the yellow color 
produced in an aqueous solution containing 
sodium nitrite, ethyl cellosolve, and boric 
acid, 


presence of 


the carbanilide concentration in’ the 
atmosphere may be calculated by difference. 

Jackson Laboratory, FE. 
& Co., Inc. (98). 


I. du Pont de Nemours 
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A Portable Continuous Analyzer for Gaseous 


Fluorides in Industrial Environments 


©. H. HOWARD, A.B., and C. W. WEBER, Ph.D., Oak Ridge, Tenn. 


The determination of the fluoride content 
of the atmosphere is normally done by 
taking a grab or impinger sample of the air 
and transferring it to the laboratory for a 
chemical Such intermittent or 
integrated sampling is time-consuming and 
seldom shows peak concentrations. 


analysis. 


This paper describes the principle, design, 
and performance of an analyzer which will 
continuously indicate the fluoride concentra- 
tion in environmental atmospheres. By 
“environmental atmospheres” is meant work- 

This document is based on work performed at 
the Oak Ridge Gaseous Diffusion Plant operated 


by Union Carbide Corporation for the U.S. Atomic 
Energy Commission 


f 


Fig. 1.— Principle of 
the Al-Pt fluoride de- 
tector. 


CURRENT 


-IMMERSION 


ing areas in which the fluoride concentration 
may range from O.lag. to 10ug. per liter 
(approximately parts per million as hydro 
gen fluoride). The instrument is based on 
the internal electrolysis that occurs im an 
aluminum-platinum galvanic cell the 
presence of minute quantities of fluoride. 
Baker and Morrison ' made use of this fact 
in the batchwise determination of fluoride im 
aqueous samples. 


Principle 


If an aluminum wire and a platinum wire 
are immersed in a stirred solution of dilute 
acetic acid la), and interconnected 


externally by means of a conductor through 


(Fig. 


(1) Al + 3e7 


(2) + 30H” AI(OH), 
INSOLUBLE 
(3) + nF~ + 3H*— AIFS” + 3H20 
INSOLUBLE SOLUBLE 


DILUTE HAc 
Q 


IN DILUTE HAc 


REMOVED 


F- ADDED. 
TIME 
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a microammeter, a current flows through 
the circuit. Such a system is known, of 
course, as a galvanic cell. The current is 
produced at the expense of the aluminum 
electrode : 
Al——> Al*+3*" 

The cell reaction is commonly referred to 
as internal electrolysis, because it proceeds 
in the absence of any externally applied 
potential. 

As the reaction of this galvanic cell pro- 
ceeds, however, the current decreases rapidly 
from the high initial level to a relatively 
low level, and then continues to decrease 
more slowly and eventually approaches zero 
(Fig. 1b). This behavior is probably due 
to the growth of a protective coating, pre- 
sumably aluminum hydroxide, 

AI(OH), 


Insoluble 
on the aluminum electrode, which gradually 


stifles the cell reaction. 

If a microgram quantity of soluble 
fluoride is now added to the cell, the current 
will increase to a value that is a function 
of the amount of fluoride added. Apparently 
the fluoride dissolves a portion of the 
aluminum hydroxide layer, 

Al(OH) AIF, 3HL0, 

Insoluble Soluble 
thereby reducing its thickness. This permits 
an acceleration of the cell reaction until an 
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SCRUBBING 
SOLUTION 


CONTROL CONTROL SAMPLE 


SCRUBBER 


SOLUTION EXIT 


Fig. 2—Basic system for continuous fluoride 


analyzer. 

equilibrium, characteristic of the amount of 
fHuoride present, is established between the 
formation of the protective coating and its 
dissolution by the fluoride. 

If the fluoride is then removed, as by 
displacing the fluoride-containing solution 
with a fluoride-free solution, the current 
decreases and again approaches zero, This 
cell can therefore be applied to the quantita- 
tive continuous determination — of 
microgram quantities of fluoride in air. 


Description of Analyzer 


A block diagram of the analyzer is shown 
in Figure 2. Controlled flows of the 
Huoride-contaminated air and an electrolyte 


PRESSURE 
ION EQUALIZATI 
RESERVOIR TUBE 
CONSTANT | 4 FLUORIDE 
HEAD ia FILTER AIR 
DEVICE SAMPLE 
CAPILLARY Fig. 3.—Portable con- 
tinuous analyzer for air- 
borne fluorides (Model 1) 
AIR 
M!iCROAMMETER EXIT 
WASTE 
RECORDER Receiver 
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scrubbing solution are passed concurrently 
through a scrubber where the fluoride is 
absorbed into the solution. lollowing the 
scrubber, the air exhausts to the atmosphere 
while the solution flows through a detector 
cell platinum 
electrodes. The resulting internal electroly 
the fluoride 


concentration of the air and can be measured 


containing aluminum and 


sis current is a function of 
on a simple microammeter, recorded on a 
strip-chart recorder, or used to actuate an 
alarm device. 

A schematic diagram of the analyzer is 
shown in Figure 3. The air is sampled with 
a dry, diaphragm-type air pump. The air 
flow is controlled with a needle valve and is 
indicated on a rotameter. At the entrance 
to the scrubber the air is joined by a small 
stream of the electrolyte-scrubbing solution. 


The solution is fed by gravity from a 


storage reservoir through a constant head 


device in which the solution level, and con- 
sequently the flow rate, is relatively inde- 
pendent of the amount of solution in the 
reservoir. The solution flow rate, indicated 
on a rotameter, is fixed near the desired 
value by a glass capillary in the solution line 
Ditterent 


ranges of tlow can be obtained by having 


below the constant head device. 
several capillaries in’ parallel, which can 
be valved in or out, depending on the range 
of flow desired. Fine adjustment of the 
flow is obtained with a height-adjustment 
screw on the constant head device. 

After passing through the scrubber the 
air is vented to the atmosphere through a 
side port while the solution flows into the 
cell. the cell the 


passes through an overtlow tube to a solution 


detector solution 


waste receiver. The height of the overtlow 


Portable con 


Fig. 4. 
tinuous analyzer for air 
borne fluorides. 
A, sample intake. B, air 


Laseous 
pump. C, air-flow control 
valve. J), air rotameter 
/:, solution reservoir. 
constant head device. G, 
solution head adjustment 
control 


solution flow 


constriction. 7, hose clamp 


(on-off valve). J, solu- 
tion rotameter. A, scrub- 
ber. L, air exit. M, 
detector cell. N, 
tube. O, waste 
fluoride filter QO, 
bleed. R, microammeter 


S, recorder connection 


OV ertl Ww 


receiver 


Howard—Weber 


R 

| 
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| 

‘ 
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A. 


tube is adjusted so that the level of the 
solution in the cell is just above the elec- 
trodes at all times. 

Because of the resistance to flow  pre- 
sented by the scrubber, the pressure is 
somewhat above atmospheric at the point 
where the solution enters the air stream. In 
order for the solution to flow by gravity 
against this pressure, the supply would 
have to be height that 
would result in a gangly and noncompact 
instrument. 


elevated to a 


This is avoided by intercon- 
necting the solution chambers and the point 
where the 
with a tube, so that the pressure between 
To eliminate 
sible contamination of the solution through 


solution enters the air stream 


the two is equalized. pos- 
this tube by fluoride from the air stream, 
a fluoride filter of synthetic zeolyte is 


installed in the line. To prevent possible 
lag due to residual fluoride in the tube, it 
is provided with a the 
continual 


The portion of the sample con- 


small bleed to 


atmosphere which permits its 
flushing. 
sumed for this purpose amounts to only 
about 0.10%. 

A photograph of the experimental model 
with its recorder is shown in Figure 4. The 
analyzer is 1 ft. square by 2 ft. high and 
weighs about 35 lb. However, both size and 
weight could be reduced through more 
efficient use of space and lighter materials. 
The recorder also weighs about 35 Ib. 

Several components of the apparatus are 
mounted on a ring stand with standard 
laboratory clamps. The connections between 
the with 
Tygon and fluorothene tubing. This com- 


various components are made 


bination, along with polyethylene containers, 
provides flexibility the assemblage 
permits mechanical 
shock without damage despite the fact that 


which considerable 
several of the components are glass. Al 
though attacked — by 
fluorides, it has been found satisfactory for 


glass is generally 
concentrations as high as 1Opg. of hydrogen 
fluoride per liter of air. 

The solution reservoir in the portable 
analyzer has a capacity of 1 qt., sufficient 
for 30 hours of continuous operation, 
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Electrolyte-Scrubbing Solution 


The electrolyte-scrubbing solution is 1-M 
acid which 0.1% of the 
wetting agent sodium dioctylsulfosuccinate, 
marketed under the trade name Aerosol, and 
O.lyg. of fluoride per milliliter, The wetting 
agent promotes good wetting of the scrubber 
walls and permits smooth flow of the solu- 
tion through the detector cell. 
of fluoride is added for the 
maintaining the aluminum electrode in a 


acetic contains 


The trace 
purpose of 


more responsive condition during periods 
when the 
sampled air; otherwise the electrode becomes 


there may be no fluoride in 
progressively more passive during such 
periods and is then slow to respond when 
This 
trace amount of fluoride contributes to the 


air containing fluoride is sampled. 


signal the equivalent of only 0.03yg. per 
liter of air. 

Acetic acid was selected as the electrolyte 
because it is a relatively weak acid, is readily 
available, and convenient to use. Any acid, 
the anion of which does not react with the 
electrodes, would probably serve the 
electrolyte. Approximately the re- 
sponse was obtained at a given fluoride 
using 0.01-M 
electrolyte as was obtained using 1-M acetic 


concentration, nitric acid 


acid. However, a weak acid is preferable 
to a strong one because in general it is a 
better buffer tolerate 
greater consumption of acid, as in the cell 
reaction or by alkaline contaminants in the 


and therefore 


scrubbed air, without undergoing a critical 
change in pH. 

One-molar acetic acid, which has a pH of 
about 2.3, was selected. A solution of 0.2 M, 
which was tried first and which has a pH of 
about 2.8, gave a slow downward drift in 
signal at a given fluoride concentration, and 
a general decline in sensitivity of the detec- 
tor, which was not incurred with the 1-M 
solution. Two-molar acetic acid was tested 
but did not show sufficiently improved per 


formance over one-molar to warrant. the 
added expenditure of the acid and the tolera 
tion of the stronger acetic odor of the 


scrubbing solution. 
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AIR 
PRESSURE 
EQUALIZATION 
LINE 


SOLUTION—={ 


2mm.10, 
THICK WALL PYREX 


AIR EXIT 


SOLUTION TO 
AL-PT CELL 
Fig. 5.—Scrubber 


Benzoic acid considered as the 
electrolyte, but because a saturated solution 
of it has the same pH as the 0.2-M acetic 
acid, which produced a drifting signal, it 


was not tried, 


Scrubber 


An efficient) scrubber, Figure was 
devised for contacting the air with a rela 
tively small amount of the solution while 
both were flowing. The scrubber consists of 
a simple Pyrex tube which has an inside 
diameter of 2 mm. and is approximately 30 
in. long. For compactness the tube was 
coiled into a helix 134 in. 


4 in. long. 


in diameter by 
It has inlets at the top for the 
air and solution, an opening for the pressure 
equalization line at the solution-air junction 


point, and outlets at the bottom through 
PT 
AL AL 


Fic. 6 Detector cells 


Howard—W eber 


which the scrubbed air exhausts to the 
atmosphere and the solution passes into the 
detector cell. lfficiency tests made with 
this scrubber showed 95%-100% of the 
hydrogen fluoride in air to be absorbed at 
concentrations as high as 10QOug. per liter 
and at flow ratios as high as 5 liters of 


air per 0.1 ml. of solution. 


Detector Cell 
The detector cell may be any of several 
designs. Three types studied are shown in 
‘igure 6. 
Cell tube 


$44 In. inside diameter by 1 in. long, through 


consists of an aluminum 
the center of which runs a '4¢ in. platinum 
wire which is held apart from the tube by 
nonconducting spacers. 

Cell B an aluminum and a 
platinum wire alternately spiraled, as closely 


consists of 


together as possible, onto a plastic core, the 
resulting unit being contained in a close 
fitting Tygon tube so that the solution fol 
lows the narrow spiraled channel between 
the electrodes. The coils were closely wound 
to obtain a high degree of contact between 
the fluoride in the solution and the elec 
trodes, and to minimize the cell volume. It 
was found that for a given concentration of 
fluoride the solution, the higher the 
velocity of the solution past the electrodes 
the the 
response, which indicated the desirability of 
minimizing the cell volume, 


the larger the signal and faster 


Cell C consists of a platinum wire spiraled 
onto an alumimum rod, a narrow. strip of 
the resulting 
unit being contained in a close-fitting Tygon 


vinyl serving as insulation, 


TYGON 
PT 
~pT 
— TYGON 
VINYL INSULATION 
BETWEEN ELECTRODES 
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hig. 7.—Constant head 
device 


THIN RUBBER CAP 


that the solution follows the 


spiraled channel thus formed, This cell is 


tube so 


not as efficient as cell B because much of 
the aluminum surface is covered by the 
Cell 
was selected for most of these studies be 


insulation between the electrodes. 


cause ¥g in. rod was the only form in which 


spectrographically pure aluminum — was 
readily available. Although it has not been 
definitely established that pure aluminum ts 
necessary, it was used in order to avoid this 
possible variable. The calibration of the 


instrument was established with cell C. 


Constant Head Device 


head device, Figure 7, 


The 


consists of a polyethylene container within 


constant 


4 


URRENT, wa 
> a 


10 15 20 
TIME, minutes 


Fig. & 
100/360 


Typical response to HEF exposure. 
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PRESSURE EQUALIZATION TUBE 


FROM 
RESERVOIR 


FOAM RUBBER 


TO 
CUSHION SCRUBBER 


which is suspended a rocker-type glass float 
valve. The valve has a soft rubber seat, 
which closes the constricted tip of the solu 
from the reservoir when the 


tion line 


the container has reached a 
certain level, lifting the float. In addition 
to the line from the reservoir, the chamber 
is fitted with an outlet tube, through which 
the solution flows to the scrubber, and a 


solution in 


connection with the pressure equalization 
system previously described. Using this 
constant head device, in conjunction with 
the pressure-equalization system, the solu 
tion flow rate is constant to within about 


of the value. 


Response to Fluoride 


A typical response pattern, for a 12 
minute exposure to 2yg. of hydrogen 
fluoride per liter of air, is depicted in Figure 
8 to illustrate the response and recovery 
rom the start of 
the exposure until the signal starts to in- 
to 2 minutes. Within 
3 minutes approximately 75% of the total 
signal change has taken place, and the 
maximum signal is usually reached within 
7 to 10 minutes. 


times of the analyzer, 


crease is about 


When the concentration drops to zero, 
about a minute elapses before the signal 
starts to decrease. Within 4 minutes ap 
proximately 75% of the signal change has 
taken place, the recovery time being a 
little longer than the response time, possibly 
due to some absorbed fluoride in the system. 
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After about 10 minutes the 
equivalent to only about O.lag. per liter. 


signal 1s 


About 30 minutes is usually required for 
complete return to the absolute base level. 

Although — the may not be 
sufficiently fast to show the full peaks of 
rapidly fluctuating concentrations, normally 


response 


the change in concentration the at- 
mosphere will be gradual rather than sud- 
den; hence the response lag is not serious. 
If an average concentration Over a certain 
period of time is desired, of course the 


area under the curve is integrated. 


Calibration 


A calibration curve for the instrument ts 
shown in Figure 9 It is a plot of cell 
current in microamperes versus concentra 


tion of fluoride in air in micrograms per 


liter. This calibration was made at an 
air-flow rate of 2 liters per minute and a 
solution flow rate of 0.5 ml. per minute. 


At these flow rates a range of concentration 
of O.lpg. to Zug. of fluoride per liter of air 
was covered, using a 200namp. recorder. 
The range can be increased or decreased, 
within practical limits, by changing the air 
this 
environ 


to solution flow” ratios. However, 


calibration is suitable for routine 


mental monitoring since concentrations 


below O.lng. per liter are not generally 


considered important environmental at 


mospheres, and because concentrations above 


7vg. per liter will not often be encountered 


in routine monitor ing. 


maximum allowable concentrations for toxic 


VENT 


100% HF 


COMPRESSED 
AIR 


Howard—W eber 


Furthermore, the 


ANALYZER 


200 


CALIBRATION CURVE 

AIR FLOW: 21) /min 

SOLUTION FLOW 
0.5 mi /min_ 


FLUORIDE IN AIR, 


hig. 9.--Calibration curve 


gaseous fluorides, approximately per 


liter, falls in about the middle of this 
calibration range, 
The instrument was calibrated with 


mixtures of hydrogen fluoride in air which 


were prepared by the multiple-dilution 


technique, using the apparatus shown in 


igure 10. Controlled flows of anhydrous 


hydrogen fluoride and compressed air were 


combined, and a portion of the resulting 


mixture was passed through a second dilu 
desired concentration 


tion stage where the 


was obtained. The mixture from the second 
stage was passed through a gas chamber, 
from which a sample was drawn by the 


analyzer, while a simultaneous sample was 
bubbled through a midget impinger for an 
independent determination of the fluoride 
concentration by established chemical meth 


ods. 


VENT VENT 
hig. 10.—Dynamie gas 
GAS 
CHAMBER | ; diluter for calibrating the 
analyzer 


TO 


IMPINGER 
SAMPLE 
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TasBLe 1.—Reproducibility of Analyzer 


in Air, in Air, 

Run No. we/L. Run No ug/L. 
1 3.2 1 0.28 
2 3.1 2 0.26 
3 3.2 3 0.26 
4 3.1 4 0.26 
5 3.0 5 0.26 
Mean+LkE, * 3.140.24 6 0.26 
%LEx +8% 0.26 
8 0 26 
9 0.25 


Mean+LE;, * 0. 26-+0.018 
%LE; +7 % 


* Limit of error per single determination at the 95% confidence 

level. 
Reproducibility 

The reproducibility of the analyzer is 
shown by the data in Table 1. At 3yg. of 
fluoride per liter of air a limit of error 
of +8% of the mean value at the 95% 
confidence level was obtained, and at 0.25 yg. 
per liter the error was +79% of the mean 
value. These data were obtained at air and 
solution flows of 2 liters per minute and 0.5 
ml, per minute, respectively, A continuous 
air sample of fixed fluoride content was 
supplied by the dynamic diluter, Between 
successive runs, the flow ratio was grossly 
changed, displacing the signal; after the 
flow settings were restored, the new 
equilibrium value was obtained. The results 
are within the limit of control of the small 
liquid flow and readability of the rotameters. 


2.Fluortde n Industrial Eenvironmental Air 
hy Fluoride Analyzer Versus Chemical Analysts 


in Air, ug/l 
Half-Hour 
Sample No 


Analyzer (Avg.) Chemical Analysis 


Location No. 1 


l 0.5 0.5 
2 0.6 0.5 
3 0.7 0.5 
4 0.7 0.6 
0.8 
Location No. 2 
6 13 13 
7 18 19 
8 4.3 6.5 
Location No. 3 
0.3 0.3 
10 04 0.3 
il 04 03 
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Results 


Comparative results of some analyses of 
actual inplant atmospheres by the continuous 
fluoride analyzer and by the colorimetric 
analysis of impinger samples that were 
taken at the same time are shown in Table 2. 
Since the impinger samples were half-hour 
collections, the corresponding areas under 
the analyzer recording were integrated and 
averaged for the comparison. 

It is seen that the results by the two 
methods are all in reasonably good agree- 
ment. The largest discrepancy is with 
Sample No. & taken in a gas mask area 
while the concentration was relatively high 
and fluctuating rapidly. Some lag effect was 
evident; however, the instrument revealed 
peak concentrations as high as 9g. of 
fluoride per liter of air which could not be 
shown, of course, by the impinger samples. 

The gradual rise in the concentration in 
location No. 1 is significant. It reflects the 
closing of a door to the outside of the 
building shortly after start of the sampling 
which resulted in a gradual build-up of the 
hydrogen fluoride and fluorine concentra- 
tions in the building. 


Applicability 

The analyzer will respond to all sub- 
stances which will yield fluoride ion in the 
scrubbing solution. Examples of such sub- 
stances are hydrogen fluoride, fluorine, 
chlorine trifluoride, bromine trifluoride, 
uraniuy: hexafluoride, and soluble metal 
fluorides. Presumably with a pyrohydroly- 
sis attachment it would also be applicable to 
insoluble fluorides and fluorocarbons. 

The analyzer is specific for fluoride and 
is free from interference by contaminants 
of the atmosphere in concentrations that are 
likely to be encountered, including chloride 
below 100ug. per liter. 

The present instrument has not yet been 
applied to air-pollution levels, that is, 0-100 
ppb. However, there is evidence that. it 
might be made useful for these levels. The 
background of the present instrument, at an 
air flow of 2 liters per minute and a solution 


lol. 19, March, 1959 


| 
3 
it 
x 
a 
ie 


PORTABLE FLUORIDE ANALYZER 


PRESSURE 
EQUALIZATION 
SYSTEM 


SOLUTION 
RESERVOIR 


CONSTANT 
FILTER 
DEVICE 


BLEED 


AIR 
SAMPLE 


CAPILLARY 


SCRUBBER 


AIR 
EXIT 


NEEDLE VALVE 


Fig. 11.—Portable con 
tinuous analyzer for air 
borne fluorides Mode! 


2--proposed ) 
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EQUALIZATION 
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flow of 0.5 ml. per minute, ts equivalent 
to about 30 ppb of hydrogen fluoride in 
air. This is constant to +5 ppb. Hence 
the instrument is theoretically capable of 
indicating a concentration at least as low as 
5 ppb. But the response is so slow at these 
that the 


practicability of the method is yet to be 


extremely low concentrations 
proved. However, by minimization of the 
amount of system surface upstream of the 
scrubber and by provision for a high ratio 
of air to solution flow the usefulness of the 
instrument might possibly be extended to 
air-pollution analysis. For application to 
extremely low concentrations, the system in 
Figure 11 is expected to yield more satis 
factory results. 


Proposed Modification 


The present instrument, Figures 3 and 4, 


contains considerable surface 


stream of the scrubber; fluoride will tend to 


system up 


adsorb on this surface. To minimize this 
effect, the modified design in Figure 11 is 
proposed, It is similar to that of the present 
model except that the air sample will be 
drawn directly into the scrubber instead of 
being passed through the pump, flow-control 
done the 


1s 


valve, and rotameter, as 
present model. This is expected to reduce 


Howard Weber 


memory and, consequently, response and 
recovery times, as well as to aid in efforts 
to extend the usefulness of the method to 
air-pollution analysis where no contamina 
tion of the instrument can be tolerated. 


Summary 
An inexpensive portable fluoride analyzer 
has the continuous 
monitoring of environmental atmospheres. 
This report describes the design and devel 


been de\ eloped for 


opment of the analyzer and presents inplant 
results which have revealed fluoride concen 


tration peaks that are not resolved by 


present methods of analysis. The instrument 


trom 
an aluminum-platinum “internal electrolysis” 


is based on the fact that the current 


cell is a function of the fluoride content of 
an acetic acid electrolyte, after the sampled 
air has been scrubbed with the electrolyte. 

The analyzer responds to all substances 
which form fluoride ion in aqueous solution 
and is specific for fluoride in the presence 
of common air contaminants, including 
chloride below 100ug. per liter. 

The range of the instrument is O.lag. to 
lOug. of fluoride per liter of air with a 
higher upper limit available through proper 
selection of air and solution flows. 
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The analysis is precise to +7% of the 
measured equilibrium value at the 95% 
confidence level. The lag is about 3 minutes 
for reaching 75% of the total signal change. 
The instrument, which could be used with 


an alarm device, is capable of continuous 


operation for indefinite periods, with at- 
tention limited to replenishment of the 
scrubbing solution every 30 hours and_re- 


newal of the recorder chart. 
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Union Carbide Nuclear Company. 

Charles Asmanes assisted in the construction of 
the scrubber and the float valve in the constant head 
device. 
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Clinical Observations on the Cutaneous Effects 


Associated with Curing Epoxy Resins 


DONALD J. BIRMINGHAM, M.D., Cincinnati 


Occupational dermatitis occurring from 
the manufacture of plastics was observed 
shortly after the industry began. Phenol, 
urea, formaldehyde, and hexamethylenetet- 
ramine were among the chemicals first used 
in making synthetic resins, and they became 
well-known 


dermatitis Later, 


almost every new plastic, such as styrene, 


producers. 


alkyd, melamine, acrylic, and polyvinyl, be- 


came outbreaks of der 


matoses in the respective industries. About 


associated with 
six years ago, the epoxy or epoxide resins 
were introduced to American industry, and 
since that time we have had an opportunity 
to observe many cases of contact dermatitis 
due to the handling of these resins and their 
amine hardeners. This is a problem not 
only in our industry, but one which has 
been similarly noted in Great Britain, the 
Netherlands, and Switzerland, where much 
of the epoxy development took place. 

The epoxies have become commonplace in 
a large United States 
manufacturing because of their excellent 


cross section of 
strength, adhesion, chemical resistance, and 
dielectric properties. They are widely used 
in electrical equipment manufacture for en- 
closing transformers, condensers, and other 
components; in automobile plants for tool 
and 


die castings; in painting for surface 


coatings; in aireraft and other plants for 
adhesive purposes. Their versatility points 
to even greater application. 

Some epoxy resins are irritants, or 
sensitizers, or both, but the major prob- 


lem in handling these materials occurs from 


Medical Director and Chief Dermatologist, U. S 
Department of Health, Education, and Welfare, 
Public Health Service, Bureau of State Services, 
Occupational Health Program 


the di- or triamine curing agents which 
are, for the most part, irritants and 
tizers. The workman the epoxy 


resin and the hardener while mixing the 


sensi 


contacts 


weighed or recommended amounts of these 
basic ingredients. In small plants, several 
workmen may mix their own batch of resins 
and hardeners, and thus it becomes difficult 
to control contact with the basic ingredients. 

After the resin and hardener have been 
mixed, the material can be cast into a mold 
or it can be brushed onto a form. Some 
times the mixture is successively alternated 
with layers of liberglas cloth to construct 
the mold or form. Molding is generally 
done with rollers, brushes, or similar tools, 
but on occasion it is done by hand. As a 
rule, the resin becomes deposited on the 
tools which are subsequently dipped into 
acetone or other ketone solvents for cleaning 
purposes. At the same time, the workman 


frequently uses the solvent to 


the resin from his skin. 


remove 
Finally, after the 


molding or been 


done, the 
The epoxy 
liberglas structure may be sanded, drilled, 
sawed, and painted. 


casting has 


laminates then tooled. 


are 


In these successive operations, several 
hazards occur, namely : 

1. Mixing the resin with the hardener, wherein 
contact may be made with the basic components o1 
their vapors 


2. Molding: 


while 


Some mold the 


others use no 


workers material 


wearing gloves; protection 
Rarely are the face and neck protected 

3. Solvents: 
at the 


gloves or the 


whatsoever 


Cleansing the tools in solvents and 


same time removing the 


resin from. the 
distinet hazard 


The resin tends to concentrate in the solvent con 


skin constitutes a 


tainer, and a workman washing resin from his skin 
in this fashion unwittingly deposits a film of resin 
upon the skin 
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4. Tooling : Grinding, drilling, or sanding the cast 
or molded laminates creates a hazard of contact 
with minute spicules of Fiberglas. 
dermatitis can occur when slugs of glass become 
imbedded in the exposed surfaces of the skin. This 
is not an allergic dermatitis; it is simply a foreign- 
body reaction giving 


A mechanical 


rise to irritation, itching, 
scratching, and, frequently, secondary infection. In 
Great Britain, it has been suggested that the tooling 
operations may also depolymerize the resin, in 
which instance, the workmen would be contacting 
resin decomposition products largely of unknown 
composition. 

Many of the uncured epoxy resins can 
be handled without ill effect, but those of 
the lower molecular weights have irritant 
properties. On the other hand, almost all 
of the amines are irritants and sometimes 
sensitizers. Their high pH (13-14) damages 
the keratin or at least severely weakens this 
protective layer of the skin. At the same 
time, surface lipid is readily removed. 
Further insult occurs from contact with the 
ketones. The additional alkaline effect of 
most industrial cleansers, along with the 
amines and solvents, leads to marked redness 
and dryness of the skin. A dermatosis of 
varying degree usually results. There have 
been complaints that contact with the fumes 
has caused not only a dermatitis of the 
face, eyelids, and neck, but also asthmatic 
symptoms from breathing the amine-con- 
taminated air. Several years ago, Dernehl 
reported this problem among men working 
with amines. 

Irom the case histories collected during 
numerous surveys involving these operations 
and from reviewing the experience of others 
in Europe, it is evident that the major 
cutaneous effects are produced by contact 
with the liquid stage of the low molecular 
weight resins, or the hardener, or with a 
mixture of these before polymerization or 
curing is complete. As a general rule, the 
completely polymerized product is inert 
upon the skin. 

The onset of dermatitis generally occurs 
within three weeks from the beginning of 
employment, but it may be seen earlier in 
workmen already sensitized or among those 
who are careless in handling the mixtures. 
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Most of the workmen continue to work by 
using protective devices, but some who have 
become highly allergic must change employ- 
ment, 

We have concluded that the best method 
of controlling dermatitis from epoxy resins 
is to introduce the best preventive practices 
possible. Outbreaks of dermatitis can be 
averted by following a few basic rules: 
(a) thorough education of management, 
supervisors, and workmen about the haz- 
ards; (b) adequate ventilation to control 
the Fiberglas particulates and the epoxy 
dusts and vapors; (c) personal cleanliness 
through appropriate industrial cleansers, 
protective clothing, and, where needed, pro- 
tective creams. To elaborate further, the 
following recommendations have been found 
to be reasonably effective : 

1. All supervisors and workmen should be in- 
structed thoroughly about the hazards of these 
operations and the importance of avoiding contact. 

2. The mixing, molding, curing, and tooling of 
the resins should be done in an isolated area of 


the plant, to avoid contamination of other areas 
and employees. 

3. Batch mixing of the resin and hardener should 
be done under a_ ventilated hood 
escape of vapors. 


to control the 
Only a few workers should be 
permitted to do the batch mixing. 

4. During molding operations, skin contact can 
be avoided by wearing protective sleeves and cotton- 
lined rubber gloves. Clean uniforms should be 
furnished and changed each day if necessary. 

5. Acetone or related solvents are not to be used 
to cleanse the skin. 

6. Tables, machinery, tools, floors, walls, and 
windows must be kept free of the Fiberglas 
spicules and resinous dusts. The tables can be kept 
clean by using disposable heavy paper. 

7. Clean-up rags should be replaced by dispos 
able paper towels. 

8. Grinding, sawing, drilling, or polishing the 
molded laminates should be done under ventilated 
hoods which remove all dusts from the breathing 
area and minimize the problem of skin contact. 

9. Accidental spills of the resin or catalyst should 
be washed from the sites contacted as soon as 
possible by using mild soaps in warm water dis- 
pensed at conveniently located wash stations. 

10. Neutral or acid soaps should be used in 
preference to alkaline, powdered, or abrasive cleans- 
ing agents. 

11. Water-soluble skin-protective gels which are 
neutral in their pH provide some help in pro- 
tecting against the action of the solvents. 

Vol. 19, March, 
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CUTANEOUS EFFECTS OF EPOXY RESINS 


To summarize, after the introduction of 
epoxy resins into American industry, a 
large number of cases of contact dermatitis 
have occurred. Many of the basic epoxy 
resins can be handled without offending the 
skin, but of the 
hardeners have an irritant or sensitizing 
effect. It is 


most amines used as 


possible to avert contact 


dermatitis while working with epoxy resins 


by educating management, supervisory per- 


sonnel, and the workmen about the hazards 
associated with these materials; by intro- 
ducing vapor and dust control measures, and 
by employing personal protective devices, 
notably protective gloves and adequate 
washing facilities and cleansing agents. 
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ANDREW KALMYKOW, New York 


Consideration of workmen's compensation 
legislation is particularly appropriate at this 
time. For the past several years the opera- 
tion of workmen’s compensation laws has 
been widely discussed and subjected to 
critical analysis. A general reappraisal of 
aims and accomplishments seems to have 
been undertaken. Labor, which, of course, 
has given attention to this subject over the 
years, has manifested considerably increased 
interest on a national level. The peaceful 
uses of atomic energy and the use of by- 
products derived from this source have also 
increasingly focused attention on industrial 
health and compensation for industrial 
injury, It is important, therefore, to ex- 
amine what has been accomplished in the 
way of legislation during the past year and 
maybe to speculate somewhat as to what 
may receive attention in this field in the 
immediate future. As usual, particular at- 
tention will be given to occupational diseases. 

This year, of course, is what is known 
as “an off-legislative year.” Only 11 states 
were regular session,* although there 
were the usual crop of special sessions of 
limited scope and four budget sessions.+ 
Two. states, Delaware and New Jersey, 
continued their regular session of 1957. 
Thus, since neither Montana nor Wyoming 
was in session, neither of these states had an 
opportunity to enact legislation providing 
compensation for occupational diseases. The 
Mississippi legislature was in session, but 
it passed no enactment with reference to 

Manager, Casualty Department, Association of 
Casualty and Surety Companies. 

* Arizona, Georgia, Kentucky, Louisiana, Massa- 
chusetts, Michigan, Mississippi, New York, Rhode 
Island, South Carolina, and Virginia. 

+ Budget sessions: California, Kansas, Maryland, 


and West Virginia. 
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such diseases. These three states are the 


ones which do not provide compensation 
for such diseases in any form. 

Probably the most interesting enactment 
took place in New York. I have reference 
to the new article added to the compensation 
law providing specifically compensation for 
loss of hearing due to noise. This is the 
second state which has adopted legislation 
designed to deal with this question. The 
first, you will recall, is Wisconsin.£ It is 
not surprising that these two states were the 
first to enact such specific legislation. The 
New York courts first held loss of hearing 
due to noise compensable as a scheduled 
permanent partial disability regardless of 
wage loss.§ Wisconsin followed. In that 
state, you will recall, legislation was first 
enacted while the case was pending on ap- 
peal to the highest court, after the inter- 
mediate Appellate Court had reversed the 
award of the Industrial Commission. 

In New York the situation was different. 
‘or several years a committee representing 
labor and industry had been studying the 
subject at the request of the Joint Legis- 
lative Committee on Labor and Industrial 
Relations. Agreement, however, appeared 
difficult to reach. In the meantime, the 
situation had been somewhat alleviated by 
the policy of the Workmen’s Compensation 
Board to hold awards in abeyance unless 
there was a six-month removal from expo 
sure to noise to determine the permanency 

{ Chap. 328, Laws of 1953 amending Sec. 102.565 
of Wisconsin Workmen’s Compensation Law super- 
seded by Chapter 281, Laws of 1955 adding Sr 
102.555 to Wisconsin Workmen's Compensation 
Law. 

§ Slawinski vs. J. H. Williams Co. (1948) 298 
N. Y. 546, 81 N. FE. 2d 93 affirming 273 A. D.-826, 
76 N. Y. S. 2d 888. 
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WORKMEN’S COMPENSATION—1938 

of the condition. This policy is in accord 
with recommendations of a Committee of 
I-xpert Consultants. 

This year, largely as a result of the 
recommendation of the committee of labor 
and industry, the present law was enacted. 
Its outstanding feature is the acceptance 
of the principle already adopted by the 
Workmen's Compensation Board. It pro- 
vides that a six months’ separation from 
exposure to noise is necessary before com- 
pensation shall be paid. Compensation for 
occupational loss of hearing becomes due 
and payable six months after separation 
from work for the last employer in whose 
employment the employee was at any time 
exposed to harmful noise. The last day of 
such period of separation is considered to 
be the date of disablement. Compensation 
is based on the wages earned during the year 
prior to the last day of such work. ‘Total 
compensation from all employers cannot ex 
ceed the amount payable for total loss of 
150 
weeks. The six-month waiting period is not 


hearing, namely, compensation — for 
applicable if death intervenes in the mean- 
time. Compensation for such loss of hear- 
ing is payable in addition to amounts due 
under welfare or pension plans. This is of 
importance, since many employees probably 
would not be removed from exposure to 
noise until the time of their retirement, 
The last employer in whose employment 
exposure to noise oceurred is liable for the 
payment of the total amount of compensa 
tion. However, if he makes a preplacement 
examination which indicates a preexisting 
hearing loss, he may, by prompt notice to 
prior employers, in no event later than 90 
days after such examination, obtain: partial 
No liability, 


however, attaches to any prior employer if 


reimbursement from them. 
last exposure to noise in his employment 
occurred more than three years prior to the 
date of mailing such notice. Time limita 
tions otherwise applicable to claims, namely, 
two years after disablement in case of occu- 
pational disease and the requirement that 


Chap. 974, Laws of 1958, effective July 1, 1958. 
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a disease must be contracted within 12 
months of disablement, would still be appli 
cable. Copy of this notice would also have 
to go to the employee. Prior employers 
would have the right to examine the em 
ployee as to his loss of hearing. 

Provisions as to contributions are trou 
blesome to administer. Probably the sim 
plest and fairest way would be to hold the 
last liable. This 


area of 


employer solely would 


eliminate serious 


controversy. 
While some employers may have to pay 


more compensation some cases, they 
would be relieved of liability in others. It 
is burdensome to be held liable for a con 
tribution many years after an employee 
leaves an employment, when records have 
been destroyed and knowledge of exposure 
is unavailable. The New York law attempts 
to strike a compromise on this point. 
There are a number of problems con 
nected with compensation for hearing loss 
which have not been specifically covered in 
this law. Probably many of them may more 
readily be dealt with by regulation rather 
than legislation. The New York Legislature 
recognized this. It provided for the adop 
tion of reasonable rules by the Workmen's 
Compensation Board prescribing damage 
risk criteria and standards for the measure 
ment and determination of occupational loss 
of hearing. established 


after receiving recommendation for a com 


These are to be 
mittee or committees of expert consultants 
These must in turn confer with representa 
tives of the Compensation Board, employers, 
and employees. This should) give ample 
opportunity for developing the best thinking 


on the subject. 

Specifically the expert consultants are 
charged with making recommendations on 
the following points : 

1. What noise levels may cause occupational loss 
of hearing 

2. The frequencies to be 
dustrial 


used in measuring im 


hearing loss. It is generally recognized 
that only those frequencies which affect the ability 
to understand speech should be 
range up to about 2,000 eps.’ 

3. The 


disability 


included These 


point below which there is no hearing 


and the point above which the inability 
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to hear shall be deemed total. This, | take it, is a 
reference to the so-called high and low fences. 
A number of authorities have indicated that a loss 
up to 20 db. is within normal limits and no ap- 
preciable interference with the ability to understand 
speech until a loss of 30 db. or more exists.’ At 
the same time, among those who may still have 
some ability to hear, interference with the ability 
to understand speech is such that virtually complete 
deafness may be said to exist. 

4. The use of monaural and binaural methods for 
computing the percentage of hearing loss. It 
may readily be recognized that the value of 
hearing in both ears is not equal. One can still 
hear quite well even though a loss of hearing in one 
ear may be severe. The committee is charged with 
providing regulations on this peint. 

5. Proper deductions for presbycusis and other 
nonindustrial causes of hearing impairment. 

6. Lastly, the Committee must give consideration 
to the number of examinations needed to evaluate 
hearing loss and the fairest method of determining 
the loss from successive examinations. 

The law makes no specific reference to 
the adoption of a formula for computing 
hearing loss. However, | would think that 
is definitely implied within the scope of the 
Committee’s work. 

| have dealt in such detail with the New 
York law because the subject is likely to 
arise in other states and the experience in 
New York should be of considerable in- 
terest in this connection. Incidentally, under 
this act, the weekly maximum for all com- 
pensation was raised to $45 a week. 

While I am on the subject of loss of hear- 
ing, it seems appropriate to mention the 
Missouri. In that state, the 
Kansas City Court of Appeals, in the case 
of Marie vs. Standard Steel Works (¥Feb- 
ruary, 1958, not reported), held that loss 
of hearing due to noise was not compensable 


situation in 


as an occupational disease. It cited several 
prior court decisions which seemed to indi- 
cate that this term was limited to diseases 
caused by chemically toxic substances. There 
is considerable speculation as to what the 
ultimate decision of the Supreme Court will 
be. In the meantime, there would seem to 
be an excellent opportunity to agree on 
reasonable legislation on the subject, as was 
done in Wisconsin. 

It may also be of interest to know that 
the Federal Bureau of Employees Compen- 
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sation, which administers the Longshore- 
men’s and Harbor Workers Compensation 
Act, has adopted instructions for the guid- 
ance of Deputy Commissioners for estab- 
lishing the degree of disability in loss of 
hearing cases. 

While this subject is of interest, other 
legislation also deserves discussion. This 
year Virginia restored a provision which 
permits the employer to elect to provide 
occupational disease coverage for diseases 
listed in the schedule rather than under the 
broad definition included in the law.§ A 
somewhat similar provision was repealed in 
1952. Apparently some sentiment has de- 
veloped for a more limited coverage. 

In Mississippi a few years ago the Su- 
preme Court affirmed an award of com- 
pensation for death from a stroke which 
occurred while the employee was gathering 
tung nuts, as she had done during four 
previous harvest seasons. The employee 
had had a history of high blood pressure. 
The court held that “where the exertion 
contributes to aggravate or accelerates the 
high blood pressure so as to precipitate the 
accident complained of, the claim is com- 
pensable” (Cowart vs. Pearl River Tung 
Company, Supreme Court Mississippi, 1953, 
67 S.2d 356). I believe to overcome the 
effects of this decision the law was amended 
this year with respect to aggravation of 
preexisting conditions.# It is now provided 
that when a preexisting physical handicap, 
disease, or lesion is aggravated by accidental 
injury, compensation shall be reduced by 
that proportion which the preexisting con- 
dition contributed to the result of the acci- 
dental injury. This provision would be 
applicable only when the employer, in ad- 
vance of the subsequent injury, has required 
a  preemployment physical examination 
which disclosed the impairment. It will be 
interesting to see how this provision actu- 
ally operates in practice. It would seem 
somewhat difficult to determine the degree 
to which the preexisting condition contrib- 


{ Chapt. 457, Laws of 1958, effective June 27, 
1958. 
# H. B. 610, Laws of 1958, effective Jan. 1, 1959 
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uted to the ultimate disability. This law 
also increased the maximum weekly com- 
pensation from $25 to $35 a week. 

In Rhode Island the law was amended 
to permit the reduction of compensation 
when it is shown that the employee has 
returned to work at the reduced wage.* The 
provisions in Rhode Island for suspension 
of compensation when employee has re- 
turned or is able to return to work have 
caused some difficulty over the years, and 
this provision is a further advance in find 
ing a solution for this problem. 

In Louisiana there were a number of 
amendments, including a new provision for 
compensation for tuberculosis when con- 
tracted by an employee from employment 
in a tuberculosis hospital.} Legislation was 
also passed apparently intended to bring 
under the Act employments which are not 
hazardous if insurance is purchased pro- 
viding such coverage.t This seems to be 
the intent, but the language used is not 
altogether clear on this point. 

As usual, several states created study 
commissions.§ On the Federal level, there 
have been some interesting developments. 
One could be of considerable significance, 
depending upon future developments. That 
is the repeal of Section 224 of the Social 
Security Act, which provided for non 
duplication of disability benefits under that 
Act and other periodic federal benefits 
or a State Workmen's Compensation Law. 
In other words, now compensation for per 
manent total disability may be received both 
under the Social Security Act for persons 

*S. B. 308, Laws of 1958, effective May 19, 
1958, and S. B. 322, effective May 17, 1958 

+ Act 39, Laws of 1958 

t Act 495, Laws of 1958, effective July 30, 1958 

§ Georgia S. R. 151; Massachusetts H. B. 2585 
and H. B. 3149; Michigan H. R. 19 (relating to 
Second Injury Fund); New York continued its 
Moreland Commission Study; Rhode Island S. B 
480 and H. B. 1057 (relating to Second Injury 
Fund); Virginia H. S. R. 85 (relating to creation 
of Second Injury Fund). 

\|Public Law 85-840, &5th Congress, effective 
Aug. 28, 1958; other provisions effective at dif 
ferent times. 
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over 50 years of age and also under the 
Workmen's Compensation Law of a partic- 
ular state. This, | believe, is the first time 
that disability benefits can be payable under 
the federal act for injury compensable 
under a state law. Probably this action was 
a reflection of views expressed as to the 
adequacy of benefit scales in some states, 
especially for permanent total disability. 
While this provision, of course, at the pres- 
ent time is limited both as to scope and as 
to the age of the recipient, it may, of course, 
be subjected to broader application in’ the 
future. There has been some manifestation 
of a movement for federalization of work 
men’s compensation. Whether or not pres 
sure in that direction will make progress 
would seem to depend to a considerable 
extent on the effectiveness of the operation 
of the system on a state level. 

The Congress also amended the Long 
shoremen’s Act to give the Secretary of 
Labor power to issue safety regulations and 
make provision for penalties for violation 
of such regulations.€ Prior to this time, 
activities of the Department of Labor were 
advisory only. Some problem may be pre 
sented, but the fact that employers operating 
under the Longshoremen’s Act often do not 
control the premises where the work is per 
formed, namely, vessels. Regulation on this 
point is now being prepared, and it will be 
interesting to see just how they deal with 
this question. 

It may also be worth noting that there are 
a number of amendments to the War Haz 
ards Compensation Act and the Defense 
Base Compensation Act.44 Among the 
amendments is an increase in the scope of 
the Defense Base Act to cover service 
contracts. 

There has also been considerable activity 
in the field of atomic energy. This is a 
dramatic subject that captures the imagina 
tion. It is easy to lose sight of established 
principles in giving consideration to it. 

{ Public Law 85-742, &5th Congress, effective 
Aug. 23, 1958, 


# Public Law 85-608, 85th Congress, effective 
June 30, 1958 
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Activity with respect thereto has been mani- 
fested both on a state and federal level. 

Qn the state level, Kentucky, Massachu- 
setts, and New Jersey have enacted laws 
regulating the uses of atomic materials and 
facilities.* The Kentucky law requires cer- 
tain departments of the state to study the 
need for changes in laws, administered 
by them, arising from the presence of 
nuclear materials or facilities in the state. 
Specifically, the Workmen’s Compensation 
Commission is charged with making  rec- 
ommendations concerning the character and 
proof of claims for injuries and the extent 
of compensation allowable for injury due 
to radiation. Similar recommendations are 
requested under the laws of some of the 
other states. It is evident that in many 
states the subject of compensation for in- 
jury due to radiation is likely to receive 
consideration next year. 

On the federal level, the Congressional 
Joint Committee on Atomic [energy has in- 
dicated that early in the next session, hear- 
ings will be held on this very subject. The 
Chairman of that Committee, in addressing 
the National Association of Manufacturers 
earlier this year, indicated the proposed 
scope of these hearings. He expected them 
to cover the general medical-legal implica- 
tions of occupational accidents and injuries, 
including coverage, determination of what 
an injury actually is, the wage loss theory, 
and the question of the statute of limitations 
in case Of radiation injury. He further in- 
dicated that the Committee would probably 
deal with the inadequacies of present laws 
and regulations, recommended state action, 
and proposals for federal action. Sugges- 
tions for the establishment of federal stand- 

* Kentucky: S. B. 166, Laws of 1958 effective 
June 19, 1958; Massachusetts: Res. Chapter 94, 
Laws of 1958, approved June 9, 1958; New Jersey: 
Chapter 116, Laws of 1958; effective June 8, 1958. 
Also Public Law &5-744, financial protection re- 
quirements for educational institutions, effective 
Aug. 23, 1958; Public Law 85-681, amendments to 
Atomic Energy Act, effective Aug. 19, 1958; Public 
Law 85-602, indemnification of contractors—nuclear 


powered merchant ships, effective Aug. 8, 1958. 
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ards and means of compliance with these 
standards would also probably be discussed. 

This obviously covers a very broad aspect 
of workmen’s compensation. It is very 
likely that these hearings will constitute 
what in effect may amount to a trial of the 
satisfactory operation of the workmen's 
compensation system on a state level. Labor 
has indicated it would take full advantage 
of this opportunity for the presentation of 
its views. Its spokesmen, appearing before 
many groups during the past year, have 
made this amply clear. It would appear, 
therefore, to be most important to examine 
the effectiveness of various state laws, par- 
ticularly with respect to radiation injuries. 
The question of whether or not such an 
injury is compensable under the particular 
law of the state, of course, appears to be 
the primary consideration, Although most 
laws cover the results of some types of 
exposure to radiation, there may be some 
question if all types of such exposures are 
covered. This is particularly true with re- 
spect to occupational disease laws listing 
compensable diseases. Often reference is 
made to x-rays or radioactive substances. 
In some types of exposures there may be 
a question whether a “substance” as such is 
involved. Because the effects of radiation 
in some cases may be delayed, emphasis has 
also been placed on the applicable statutes 
of limitations. Moreover, the necessity of 
complete medical care for such injuries has 
been stressed. It would appear that these 
are the areas which are most likely to be 
explored in the greatest detail. 

Those of us who have attended these legal 
conferences over the years will recognize 
that many of these problems have been dis- 
cussed here at some length. Many of us 
here have taken advantage of the discussions 
at these meetings to obtain suggestions for 
improvements in the operation of individual 
state laws. The accomplishments have been 
many in this respect. However, improve- 
ment is the result of constant effort. If 
criticism is justified, remedies should be 
found. Those who seek federal legislation 
must recognize that any such law would of 
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necessity have to strike a balance between 
the different laws presently in force. It 
would not be adequate for some states and 
would be too advanced for others. [co- 
nomic conditions throughout the country 
vary. Thus, neither would find it satisfac- 
tory. It would seem in the best interests of 


Kalmykow 


both labor and industry to build on the 
sound foundations already tested. 
Ooo John St. (38). 
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The Role of Labor in Workmen’s Compensation 


Matters 


DOUGLAS SOUTAR, Ph.B., LL.B., New York 


Mr. Webster defines “role” as “a part, or 
character, performed by an actor in a 
drama; hence, a part taken or assumed by 
anyone.” Needless to say, the actor may be 
hero or villain, Jekyl or Hyde, or versatile 
enough to play any part between these ex- 
tremes. In the drama of workmen's com- 
pensation, past, present, future, 
Management can hardly “cast the first 
stone” as a critic of those in other roles, 
and it ill behooves Labor to attempt it 
either, Since our workmen’s compensation 
system is a nonscientific and empirical one, 
dealing as it does with human misfortunes 
and emotions, suffice it to say that all par- 
ticipants in its development have contributed 
much good while serving their own—and 
often opposed—interests. What is really 
required is greater concentration on mutual 
interests of benefit first to the injured 
employee and second to the community at 
large. There seems to be common agree- 
ment on most goals, in the abstract, but 
much disagreement on means, methods, and 
rate of attainment. 

Our discussion today must of necessity 
touch on many aspects of workmen’s com- 
pensation, including safety, labor relations, 
and legislation, for Labor, through collective 
bargaining representation, considers itself 
the responsible spokesman on all subjects 
in this field and for all employees. Manage- 
ment often disputes Labor’s role as_ self- 
appointed spokesman for its employees in 
most of these areas, and as Labor becomes 
increasingly aggressive in trespassing on 
heretofore off-limit domains, new rights and 
relationships are established, either volun- 

Director of Industrial Relations, American 
Smelting and Refinmg Company. 
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tarily or by governmental edict. Since my 
purpose is to discuss Labor’s role in work- 
men’s compensation, | will not attempt to 
portray or unduly defend Management's 
role therein. 

This audience is undoubtedly well aware 
of Labor’s historical contributions to past 
legislation in the field, and of its accom- 
plishments in improving the workman’s lot 
through pressures at all points. Accord- 
ingly, let us turn our attention to Labor's 
current efforts and aims in the categories 
of company and plant relations, local and 
international union activities, and _political- 
legislative-governmental programs. 

In the category of company and _ plant 
relations which may affect workmen’s com- 
pensation, Labor's activities center on 
problems of contract administration and 
negotiation. Additionally, unions are in- 
creasingly busy with workmen’s compensa- 
tion procedures outside the legal framework 
of the collective bargaining relationship. 

Union efforts to represent members in 
workmen's compensation matters are com- 
plicated both by Management’s usual posi- 
tion that the contract does not bestow any 
right upon a union to grieve over such 
issues and by the suspicion and resistance 
aroused by union maneuvers to constantly 
broaden the scope of the contract. Since 
use of the grievance procedure ordinarily 
is limited to issues strictly covered by con- 
tractural language, or “arising out of the 
contract,” or in broadest form, “relating to 
the contract,” the union is forced either to 
express gripes not usually dignified as 
grievances in its discussions with Manage- 
ment or to resort to less direct means. | 
do not say that contracts never cover such 
cases, but in the great majority of cases 
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they do not. Contracts very often cover 
safety problems in a general way, both 
through creation of joint safety committees 
and through general limitations on assign- 
ment of employees to hazardous jobs and 
unsafe working areas. An example from 
one of our contracts, which is often relied 
on by the local union as a means of protest 
on issues unrelated to safety, reads: “When 
there is a question of production versus 
safety-first, safety-first shall be given pref- 
erence.” This type of language is danger- 
ous, since it does permit abuse and can 
hamstring bona fide union efforts where 
occasional abuse has engendered suspicion 
of what may often be sincere motives. 

Union activity in this area accentuates 
the familiar question of who has primary 
responsibility for employee welfare, with 
both sides claiming it and Management's 
rights deeply involved. Thus far Manage- 
ment has successfully asserted its claim in 
most encounters, but its position is slowly 
being chipped away. 

In addition to safety committees and 
hazardous assignments, other 
under the including 
propriety of medical examinations, seniority 


grievances 


may arise contract, 


as it involves assignment of physically 
handicapped employees to lower paying jobs, 
crew sizes, constructive discharge resulting 
from refusal to recall for “light duty,” 
furnishing of protective clothing and de 
vices, discipline, and even rules and regu 
lations promulgated by Management. 
Where covered by contract, we can add to 
this list grievances concerning health and 
welfare and pension plans, which frequently 
overlap workmen’s compensation situations. 
brief reference it is 
apparent that Labor’s day-to-day plant labor 
relations in the safety, health, and work- 
men’s compensation field is extensive and 


Even from = such 


You will also note 
that such activity is often more obtuse than 
direct. Nor should we forget 


is steadily increasing. 


those in- 
stances in which unions turn to more drastic 
measures where contractual procedure is 
either too frustrating or nonexistent. 
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In addition to its day-to-day contract 
administration efforts, Labor is placing in- 
creasing emphasis on negotiation of contract 
provisions designed to widen its participa- 
tion in matters of safety, health, and work- 
men’s compensation. Establishment of joint 
safety committees and similar arrangements 
for joint labor-management responsibility 
are official policy of the AFL-CIO and 
unions generally. Limitations on company 
doctor medical examinations, more restric- 
tive seniority clauses, the supplementation 
of statutory workmen’s compensation bene- 
fits, and improvement of disability provi- 
sions of health and welfare and pension 
plans are additional areas for such effort. 
Needless to say, most of these aims are 
more often than not resisted by Manage- 
ment, but the trend is undeniable. In so 
doing Management takes the position that 
it has primary responsibility for the indi 
vidual employee’s occupational safety and 
that 


judgment and economics permit, and_ that 


welfare to the extent sound business 


joint labor-management arrangements are 
often a threat to its responsibility to stock 
holders to run the business. 

I have already touched upon Labor's 


labor relations activities with respect to 


safety, but additionally there iS an area for 
cooperation in safety programs, which 


Whether 


agrees with Management's claim to respon 


should be emphasized. Labor 
sibility for safety or not, it is clear that tts 
cooperation is of value in the encourage 
ment of individual awareness of safety 
aims, compliance with plant safety rules and 
regulations, promotion of a realistic medical 
examination program, efficient use of pro 
tective clothing and safety equipment, vig 
orous accident investigation, and elimination 
of the combative attitude which so often 
characterizes Labor’s role in the plant and 
impedes a successful safety and workmen's 
compensation program. 

Where Labor adopts a constructive and 
attitude, this of 


course by Management’s provision of the 


cooperative assisted in 


proper climate, such measures as joint safety 
committees can make useful contributions. 
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To the extent that Labor's pressures tend 
to keep laggards in Management on their 
toes there is merit in a vigorously presented 
and constructive position, but more of this 
energy must be directed towards cooperation 
with Management in improvement of safety 
measures to reduce workmen's compensa- 
tion claims. As just one example, successful 
safety training is often more important than 
all the mechanical safeguards Management 
can provide. 

| have reviewed Labor's activities at the 
plant level in the fields of contract admin- 
istration, negotiations, and safety—all_re- 
lated directly to workmen’s compensation. 
As to workmen's compensation procedures 
as such, at the plant level, Labor's improved 
cooperation could be of real assistance to 
employees in several ways. As mentioned 
before, soft pedaling of the combative at- 
titude would facilitate investigation of acci- 
dent and occupational disease cases through 
removal of suspicion of Management’s mo- 
tives and increased cooperation of witnesses. 
Management is just as anxious to return 
employees to work with a minimum of per- 
sonal loss as is Labor, the only limitations 
being those of administration 
within the ability-to-pay of the company and 
The individual 
employee and the community will receive 
greater returns on 


reasonable 
the compensation system. 


investment in a work 
men’s compensation system to the extent 
that each side understands the other's prob- 
lems, through education and mutual respect. 

In this same vein, it would that 
Management has a right and obligation to 
avoid “phony” and frivolous claims and 
questionable risks in the exercise of its 
responsibility to owners 
nity 


seem 


and the commu- 
to conduct a sound and_ profitable 
business rather than a charitable enterprise. 
To the extent that costs permit industry to 
prosper, returns will permit constant im- 
To 


hold such costs within reason it is necessary 


provement of compensation benefits. 


for Labor to avoid encouragement of ques- 


tionable claims through pressure propa- 


ganda, ambulance-chasing attorneys 


and 
doctors, and overeager labor union officials. 
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Again, | hasten to add that there is no 
reason why Labor should not, through its 
educational and communications sysiem and 
legal and medical advisers, apprise employ- 
ees of their rights and facilitate their at- 
tainment, but there is a happy medium which 
must be observed. Sophisticated and for- 
ward-looking elements in Labor are making 
progress in efforts to eliminate costly and 
misdirected efforts in workmen’s compen- 
sation procedures, to the end that those 
employees seriously in need of aid will not 
be shortchanged by those constantly in 
search of Santa Claus. 

Turning now from the workmen's com- 
pensation role which Labor plays in plant 
activities to its role in the union hall, we 
find both constructive and destructive en- 
deavors. Kither through local initiative or 
under the aegis of international union di- 
rection vigorous efforts have been made to 
educate the membership to greater aware- 


ness of safety aims and compensation bene- 


fits. Publications and educational aids 
obtained from international headquarters 
are distributed and their use facilitated. 


Conferences on such subjects are promoted, 
and local educators, doctors, attorneys, and 
government officials are invited to speak. 
Such efforts are by no means 
but they are definitely on the increase. 
Unfortunately, so are some of the less laud- 
able practices referred to earlier, such as 


the rule, 


questionable relationships with “ambulance 
chaser” type lawyers and doctors, excessive 
and irresponsible promotion of claims, and 
malingering, manipulation of witnesses’ 
testimony and impedance of investigations, 
and attempts to participate excessively in 
hearings. State legislation prohibits 
terms a misdemeanor 


and 
employer discrimi 
nation against employees because of testi 
mony or intent to testify in compensation 
proceedings, but there is no such onus on 
unions. Further, union promotion of ex- 
cessive and misguided claims, with the coop- 
eration of certain attorneys and doctors, 
often results in defensive legal efforts by 
Management, all of which compounds mu- 
tual suspicion, and may substantially in- 
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the number of 


Management lets down the bars. 


crease claims where 

| have already referred to the efforts of 
some international unions to stamp out such 
practices, and it is also worthy of note that 
some of the local and state medical and bar 
associations are investigating them——with the 
help of local newspapers. 

Local unions are also making increasingly 
effective use of communications to promote 
greater awareness of safety, health, and 
compensation facts. Leaflets, booklets, union 
newspapers, and local radio and_ television 
programs are all utilized. Some of this may 
be chest beating as champion of the down- 
trodden workingman, which, as noted 
earlier, can be misdirected and harmful, and 
it is here that both the employer and the 
international union can attempt to control 
such efforts in their respective ways. 

linally, local unions are increasingly 
active on political and legislative 
Representations are made to 


fronts 
workmen’s 
compensation commissions legislators. 
Time and money are donated and favorite 
candidates supported, including occasional 
Political 
meetings are held, and politicians are in 
vited to speak. 


candidates from their own ranks. 


Membership is sometimes 
prominently present in galleries of legisla 
tures when workmen's compensation bills 
are pending. Voting records of legislators, 
both state and Federal, are maintained and 
publicized. Able attorneys are retained to 
assist in drafting legislation and in advisory 
capacities. In short, Labor is doing a much 
better job in politics and legislation than is 
bills 


bearing on workmen's compensation, intro 


Management. And the thousands of 


duced during biennial meetings of — state 
legislatures, and numerous statutory changes 
which result, certainly attest to this activity. 

We should also note that injury and ill 
ness know no political affiliation—a consid 
eration which dictates elimination of politics 
from compensation administration where 
Labor can well devote ] 


possible, some of 


its efforts to eliminate such politics 


through insistence on greater competence, 
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longer tenure, staggered 


terms, 


expert 
medical panels, and other means. 

activities in the 
workmen's compensation field parallel and 
Many 
such parent bodies, including the AFL-CIO 


International union 


dovetail with those of local unions. 


of course, have special departments and 
services devoted to safety, social security, 


and workmen's compensation. These are 


primarily concerned with research, educa 
tion, and aid to legislative and political ef 


forts Locals are serviced, sometimes 


voluminously, with publications, — studies, 


advice, and educational aids. Speakers are 


also furnished. The AFL-CIO) Standing 
Committee on Safety and Occupational 
Health assists and encourages affiliated 


unions in development of programs in this 
held. As an example of Labor's participa 
tion in safety alone, let me quote Mr. 
Meany’s assistant, George Brown: 
consider some of the groups in which trade 
unionists are actively 


cooperating at a nationwide 


level in the broad field of safety 

President’s Conference on Occupational Safety, 
President’s Conference on Traffic Safety, Presi 
dent’s Committee on Employment of the Physically 
Handicapped, the National Safety Council, the 
American Standards Association, the International 
Accident Boards and 
Commissions, the Occupational Health Program ot 
the U. S. Public Health Service’s Public Ad 
visory Committee, the National Association for 
Prevention of Blindness and the American Medical 
Association’s Congress of Industrial Health 


Association of Industrial 


To these must be added the far 


more important 


activities of members of state and central bodies 
and locals of international unions affilated with 
the AFL-CIO) on hundreds of committees and 


voluntary groups devoted to safety and prevention 
of industrial disease 

The AFL-CIO has also promoted and 
held conferences in 1958 on workmen's com 
pensation, starting with its first National 
Conference on Workmen’s Compensation 
held in Washington during April, in addi 
tion to a series of regional conferences with 
state federations and groups. The speakers’ 
list at the former was long and impressive, 
including many recognized experts from 
government, labor, universities, medical in 
Affiliated 


stitutions, and law firms. inter- 
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national unions have also held such 
conferences. 

Since we are in Pittsburgh, it is appro- 
priate to refer to the steelworkers’ program 
in such matters, which is typified from the 
report of its Committee on Workmen’s 
Compensation at the Steelworkers’ Ninth 
Annual Constitutional last 


month : 


Convention, 


The plight of our members when unable to work 
because of occupational injuries or diseases, and 
the status of the widows and children left behind 
following such injuries and diseases, continue to be 
of grave concern to our Union and, particularly, 
the Workmen's Compensation Department. 

The Report lists millions of dollars obtained for 
our members and their families through the work 
of active Local Union Workmen's Compensation 
committees in the past two years. Significantly, 
however, the Report points out that all too many 
Local Unions have not yet availed themselves of 
this great possibility for aiding their members. 

The Department has continued to cooperate with 
and render assistance to Local Unions, Staff Rep- 
resentatives, and District Directors in the issuance 
of pamphlets, books and digests, aimed at educating 
our members as to their rights under the various 
State laws. Too, the Department has assisted in 
obtaining qualified personnel and facilities for con- 
ferences and classes dealing with the subject of 
Workmen's Compensation, and continues to work 
with the Legislative Department and the legisla- 
tive committees in the field in attempting to make 
the various State laws more humane and responsive 
to the needs of injured workers and their fam- 
ilies. 

In the field of communications, interna- 
tional unions are even more active than their 
locals, again using press, radio, television, 
internal newspapers and magazines, ete., all 
of which devote substantial effort to their 
programs in matters of safety, health, and 
workmen’s compensation. 

Needless to say the same parent labor 
organizations direct and insist on bargaining 
inclusion of clauses and benefits into con- 
tracts which increase their participation and 
control in the area of workmen’s compensa- 
tion. In addition to examples listed in 
connection with local bargaining, excerpts 
from a fairly recent AFL-CIO. brochure 
illustrate such policies in connection with 
its program to employ the handicapped 
worker: 
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The Federation will strive to increase employ- 
ment opportunities for the physically handicapped 
through collective bargaining 
union-management cooperation. 

The use of pre-employment physical examina- 
tions for any other purpose than to determine 
physical abilities for a suitable job is unsound and 
will not be tolerated. 

Any employee, who, as a result of accident on 
or off the job, is unable to perform his duties, 
shall be transferred to another position if work 
is available for which he is qualified or can be 
retrained within a reasonable time. 


agreements and 


Union and management, through a joint com- 
mittee, shall accept the responsibility to (1) de- 
termine the physical requirements for all job 
openings and (2) give equal consideration in hir- 
ing to available handicapped workers who are able 
to qualify for such openings. 

If an employee because of physical disability is 

assigned to another department, he shall carry 
with him all seniority rights that he would have had 
in his former position. 
Again, in an address before the National 
Safety Council Labor Conference in Chi- 
cago last Fall, A. J. Hayes, President of 
the I. A. M., said: 


And if we cannot get decent factory inspection 
from the state government then we in the labor 
movement must resort to self-help. Already many 
unions are thinking in terms of collective bargain- 
ing clauses which would require the employer to 
adopt the safety standards set by the American 
Standards Association as the minimum acceptable 
in the shop. We are also prepared to bargain 
for more supplemental injury benefits when the 
compensation provided by state laws is not adequate 
to sustain a worker and his family. 

In legislative activities the parent labor 
bodies perform much as do the affiliates, 
although lack of federal legislation in the 
workmen's compensation field (other than 
for federal employees) considerably les- 
sens the opportunity for legislative activity 
at the national level. Accordingly, local ef- 
forts take on added relative importance, 
while the parent bodies push for a federal 
system. You are all familiar enough with 
Labor's influences and successes in its lobby- 
ing and governmental relations, with its 
agencies such as COPE, and with cumu 
lative 


records on who 


legislators vote 


“right” or “wrong.” 
In addition to its activities in workmen's 
compensation legislation, [ would like to 
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comment on Labor's aims and philosophy 
respecting the course of such legislation. Of 
particular interest recently has been Labor's 
insistence on a federal workmen’s compen- 
law. At the aforementioned AFL- 
CIO National Conference on Workmen's 
Compensation last April, Secretary-Treas- 
urer Schnitzler really “called in the Feds” 
when he said, with respect to industry’s 
legislative representatives at the state level: 

Industry 


sation 


can’t afford it, they say. Raise the 
compensation rate and companies won't locate in 
our state, they claim. Give the injured workers 
an iota of decency and employers will move out of 
What 
Well, I know the answer to 
Let’s set a pattern 
Let’s set a federal law. Let them all pay the same 


our state, they tell the legislatures. 
What diabolic lies. 
their phony pleas. 


rot. 


national 


Mr. Schnitzler, after teeing off on in- 
surers and attorneys, continued : 

We that to preserve workmen's 
pensation, we must turn either to the type of ad- 
ministration presented by our Ontario friends or 


insist com- 


we must seek passage of federal legislation for 
workers engaged in interstate commerce in the 
hope that with a federal law, we can secure one 
interpretation of law covering most workers 
Meeting the current legislative climate some- 
what more realistically, he then promised 
that in 1959: 

The state central bodies of the AFL-CIO, with 
the support of the national and internal unions, 
will begin a major effort to improve workmen's 
compensation in every state in the Union. We will 
strain to the very limit the resources of the na- 
tional headquarters of the AFL-CTO to assist the 
state central bodies. That is not just an idle prom- 
ise. That is a serious and public pledge. 

I trust this leaves you with no doubt at 
all as to Labor’s role in this important 
phase of workmen’s compensation. On the 
other hand, Secretary of Labor Mitchell, at 
this same AFL-CIO conference, asked the 
assemblage, “Why not recognize the state's 
rights in this area?” suggesting that the 
AFL-CIO was “unrealistic” to anticipate 
passage of legislation to force state improve- 
ment of workmen’s compensation laws and 
that the place to get things done in areas 
of social legislation was at the state level. 
Among other things he probably had in 
mind the reception accorded Under- 
Secretary Larson’s proposed Model Work 
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men’s Compensation Law, which, as you 
know, met with a decidedly cool reaction 
in both legislative and management halls 
during 1955-1956. On_ the hand, 
Secretary Mitchell has made it clear that 
to the extent that the states fail to keep 
hustling along on workmen’s compensation 


other 


improvements the federal government's re 
sponsibility must increase proportionately. 

The following statement, made in_ the 
CIO's “Economic Outlook” for May, 1954, 
on the subject of “Workmen's Compensa 


tion: What’s Wrong With States’ Rights ?, 


poses conflicting aims of Labor and_ the 
community-at-large: 

Surely, the injured workers of America have 
suffered long enough the wrongs inflicted upon 


them by an outmoded and mhuman compensation 
system which has been perpetuated in the name of 
“States Rights.” Workers, too, have rights 
Presumably resolution of the adequacy of 
a legislative program rests with the people 
of the state, and presumably such laws and 
administrative procedures represent the best 
expression of conflicting interests which can 
be worked out. Should Labor, as one such 
interest, plug for abandonment of this dem 
ocratic procedure in favor of the mystical 
powers of a federal system simply because 
it cannot have its own way? “States’ Rights” 
belong to all the people of the state, in 
cluding workers, and categorizing of work 
ers as separately privileged class of 


citizens will not solve basic workmen's 


compensation problems. 

While I will not attempt to resolve here 
all of the pros and cons of state vs. federal 
compensation systems, Labor’s role in vig 
orous promotion of the latter requires more 
than passing comment. An excellent speech 
on this subject was delivered by Carl N. 
Jacobs, President, Hardware Mutual Casu 
alty Company, at the 1958 meeting of the 
International Association of Industrial Acci 
dent Boards and Commissions, and I ree 
ommend 


that you read it. In defense of 
state systems Mr. Jacobs said: 

Those who have been so critical of our work 
men’s compensation system have developed a per 
fect 20-20 vision when it comes to finding fault, 
but they seemingly have developed a severe case 
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A. 


of myopia in seeing its good points. They ap- 
And 
from this nearsighted viewpoint, they offer as a 
the 
pensation system on a federal basis. . . 

Again, at another point, Mr. Jacobs said: 


What may be sound policy for one state may 


parently see only what they want to see. 


solution establishment of a workmen's com- 


not be sound for another. It is as unfair to establish 
a standard of benefits based upon a high wage 


industrial community for application to a low 
wage non-industrial locality as to apply low bene- 
fits to a high wage industrial area. Both the 


worker and the employer find greater freedom of 


expression in a state forum than could possibly 


be found in the already overburdened and cum- 


The 
industrial progress shows the greatest 
free 


hersome legislative processes of Congress. 


history of 


strides are made in a and unregimented 


framework. Such progress and development can’t 
off the sake 


centralization. 


be marked for of uniformity and 

If a sound competitive position in our 
profit system is valid for —-and | assume we 
all subscribe to this—then there is great dan- 
ger in the type of myopia Mr. Jacobs re- 
ferred to, particularly where each problem 
and its correction, and the cost of each gain 
for Labor's members 1s viewed in complete 
isolation from over-all problems and costs. 
lor example, considerations of malingering 
aside, it might be very desirable to  supple- 
ment statutory workmen’s compensation 
benefits with collectively bargained benefits, 
and to agree to employ all physically im- 
paired employees without question, ete., etc., 
but what about the already burdensome costs 
which go to make up “package” settlements, 
such as increased payments for holidays, 
vacations, health and welfare coverage for 
pensioners, life insurance, pensions, and 
many others’ Labor’s role in the workmen’s 
compensation field should include a greater 
striving toward understanding of over-all 
costs and their impact both on competitive 
position and ability of industry to support 
and improve workmen’s compensation. sys- 
tems, 

No current reference to “calling in the 
l‘eds” would be complete without reference 
to Labor’s role in furtherance of efforts to 
adopt a federal system of control and com- 
pensation for radiation hazard. A great 
many conferences, speeches, articles, and 
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A. ARCHIVES OF INDUSTRIAL HEALTH 


studies have been devoted to this subject, 
including the AFL-CIO Conference for 
Affiliated Unions Radiation 
Hazards, held in Washington, D. C., Feb. 
27-28, 1957, and the NAM 
“Industrial Nuclear Development,” 
21-22, 1958, in New York. 


Labor firmly states that, because of the 


on Atomic 
Conference, 


May 


unusual hazards of radiation from nuclear 
energy and lack of experience with its 
effects, the states cannot adequately handle 
such problems. Management points to the 
almost perfect record to date in the very 
large nuclear operations which have had ex- 
perience with radiation hazard and_ notes 
that 


already, or present and future safety and 


legislatures have either taken steps 
compensation systems are and will be ade- 
quate to handle the risks on a local basis. 
Much of Management views Labor’s efforts 
to promote federal standards as a “Trojan 
horse” endeavor to further its long desired 
federal workmen’s compensation system. 

the the 
system, Labor proposes that minimum fed- 


In absence of desired federal 
eral standards be established and complied 
with before federal money is made available 
for state programs. As vigorously pointed 
out by Mr. Schnitzler, Labor further pro- 
poses to continue legislative and_ political 
at. the the 


following goals: 


efforts state level to achieve 


1. Coverage of all employees regardless of haz- 


ard, industry, or number of employees 


2. Elimination of elective coverage, making all 
coverage compulsory 

3. Full coverage of all occupational diseases 
without limitation, including radiation 

4. Unlimited medical benefits 

5. Free choice of phy sician 

6. Complete rehabilitation programs 

7. Indemnity benefits adequate to maintain a 
reasonable standard of living (apparently 
this means no loss at all) or at least two- 
thirds of average weekly wages; increase of 
permanent partial disability and permanent 
total disability benefits to those of the high- 
est state maximums 

8. Placement of all insurance through exclusive 


state funds 
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9 Establishment of workmen's compensation 
departments in all states and elimination of 
exclusive court procedures (as in New Mex- 
ico) ; elimination of appeals except as to mat- 
ters of law; integration of all phases of 
workmen’s compensation into a single pro- 


gram 
Time does not permit detailed comment 
The AFL-CIO 
hastens to point out that many of these 
proposals are the same as those of the 
American Medical Association and the In- 
ternational Association of Accident Boards 
and Commissions. 


on these aims of Labor. 


It is to be hoped that 
Labor will, as part of its program, devote 
some effort to eliminate existing and poten- 


tial overlaps between workmen’s compen- 


sation programs and other insurance 


programs, such as old age and survivors 
and nonoccupational disability, as well as 
private 


insurance programs, 


bargained or otherwise. 


collectively 
Duplicated bene- 
fits can only duplicate costs, to the detriment 
of the really needy, injured, and_ ailing 
employee. Additionally, Labor would also 
do well to remember the proper function 
of workmen’s compensation, and in_ this 
connection I quote again from Mr. Jacobs’ 


talk: 


Soutar 


A third area of lack of 


demarcation between occupational and non-occupa 


concern is the proper 


tional disabilities. ‘The expense of the workmen's 
compensation program is bound to increase where 
the system must pay for injuries and diseases not 
attributable to the occupation. There must be a 
recognition that the workmen’s compensation law 
is for the protection of workers against the haz 
ards of employment and not an all-inclusive health 
insurance law. If the system must bear those 
elements of heart disease, loss of hearing and other 
natural health deficiencies which may be due to 
non-occupational exposure, it can be expected that 
the dollars 


cases will be less. 


available for occupationally imeurred 


In conclusion, | hope that this review of 
Labor's activities, aims, and responsibilities 
in the field of workmen's compensation has 
been a useful summary and commentary. 
It is an area where activity is bound to 
the 
standpoints of alleviation and elimination 


increase rather than diminish. From 
of pain and suffering, rehabilitation, and 
costs, there is much to be accomplished 
which is only possible through the greater 
understanding and responsibility which 
Labor can exercise in its workmen's com 
pensation activities—-not only as this may 
but 


the community and Management as well. 


involve its members also the rest of 
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Air and Water Pollution in the Iron and Steel Industry. Special Report 61, Iron and 
Steel Institute. Price, 4£ 5s. Pp. 259. 4 Grosvenor Gardens, London, S. W. 1, 1958. 
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Books 


This is a splendid collection of papers and discussions presented at special meetings of 
the British Iron and Steel Institute in September and December, 1957. The air pollution part 
is 150 pages and the water pollution part, 109 pages. 
format are excellent. 


Printing, illustrations, and general 


The papers and discussions are as follows: 


External Pollution from an Iron and Steelworks and Measures Toward Its Reduction, 
by S. H. Brooks and W. J. Calvert. 

External Dust Deposition and Sulphur Emission, by H. G, Jones and J, T. Davies. 

The Capital Costs of Some Waste-Gas Cleaning Plants for Use in Iron and Steelworks, 
by R. A. Granville. 

A. Joint Discussion 


Mitigation of Air Pollution in Sinter Plants, by A. H. 
H. J. Camble. 
B_ Discussion 


Meadley, J. G. Colvin, and 


Mitigation of Smoke, Dust, and Grit at Coke-Oven Plants, by G. W. Lee and J. P. 
Graham 


The Extraction of Sulphur from Coke-Oven Gas and the Manufacture of Sulphuric 
Acid, by P. R. Purcell and T. H. Williams. 
(. Joint Discussion 


Operation of Electrostatic Precipitators on O. H. Furnaces 


E. B. Speer. 


at Fairless Works, by 
\ Pilot Plant for the Removal of Iron-Oxide Dust from the Fumes Arising in the Pre- 
Refining of Iron with Oxygen, by L. G. Septier. 

Waste-Gas Cleaning Systems at Oxygen Steel Plants, by A. Vacek and A. Schertler 
Gas Cleaning in Relation to Oxygen Pre-Refining and the Rotor Process at 
by A. Behrendt 

1). Joint Discussion 


Oberhausen, 


Dynamic Dust and Fume Precipitators, by F. Wright. 
Cleaning of Fume from Are Furnaces, by A. S. Hipkin 
Joint Discussion 

Measurement of Dust in Flue Gases, by R. Granville 

Riley. 

The Fulham-Simon-Carves Process for the Recovery of Sulphur from Flue Gases, by 
T. Kennaway. 


Jackson and R. A, 


The Complete Elimination of Dust from Gases at 300-400 C, by H. L 


Jomt Discussion 


Chairman's Closing Remarks 


Abstracts of some of these papers appear in the abstracts of APCA, Vol. IV, No. 6 (Nov.) 


Those concerned with pollution problems from power plants and from the tron and_ steel 
industry will be glad to have this volume. 
is not attempted 


An adequate review would take many pages and 
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? 
6 
7 
9 
12 
13 
14 
15 
ths 


ave you 
interested in a 
moderate low-fat 
well-balanced 


breakfast? 


When a moderate reduction of fat in the diet is breakfast is well balanced as demonstrated by the 
indicated, a basic cereal and milk breakfast shown chart below showing its nutritional contribution to 
in the table below is worth consideration. Not only the recommended dietary allowances! for “Women, 
is the fat content moderate (10.9 gm.— 20 per cent 25 Years.’ This basic cereal and milk breakfast 
of total calories), but this convenient, economical well balanced and nutritionally eflicient as dem 


strated by the lowa Breaktast Studies 


recommended dietary allowances* and the nutritional contribution of a moderate low-fat breakfas: 


Menu: Orange Juice 
Cereal, dry weight— 1 « 
Whole Milk—4o Suvar—T/ tea 
Toast (white, enviched)— 2 us 
Butter —S em. (about teaspoon) 
Nonfat Milk—S oc. 


Poon; 


Nutrients 


Calories Protein Calcium lron A Thiamine R flavin Niacir Acid 


Totals supplied by 

Basic Breakfast 503 20.9 gn 0.532 gr 2.7 mg 588 46 mg 60 mg 3 mg 65.5 mg 
Recommended Dietary 

Allowances— Women, 25 

Years (58 kg.—128 Ib.) 2300 58 gn 0.8 gn 12 mg OO1U. 1.2 mg 1.5 mg 17 mg Wmeg 
Percentage Contributed 

by Basic Breakfast 


21.9% 36.0% 66.5% 22.5% 11.8% 38.3% 53.3% 17 6% 93.6% 


ed 1958 and Nutrition Board, National Research 
Council, Washington, D¢ as as the he t 


**C cereal In Breakfast Source Book. Chicag Ce al 


Camporition 
Agriculture 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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Vitamin Ascorbic 

— 
Watt, B. and Merrill, Foods Raw oe 


FOR RHEUMATISM AND TRAUMATIC DISORDERS 


A SPECIFIC MUSCLE RELAXANT PLUS 
A PREFERRED ANALGESIC 


Effective and well tolerated on the practical dosage of only 6 tablets daily, 
PARAFON and PARAFON WITH PREDNISOLONE provide benefits that last for up to six hours. 


PaRAFON relieves pain, stilfness, and disability caused by rheumatism and traumatic 

| disorders; PARAFON WITH PREDNISOLONE compounds this relief with anti-inflammatory 
action in treatment for arthritis. 

supplied: ParaFon: ‘Tablets, scored, pink, bottles of 50. Each tablet contains: 

Chlorzoxazonet 125 mg.; and TyLeno.® Acctaminophen 300 mg. 

PARAFON WITH PREDNISOLONE! Tablets, scored, buff colored, bottles of 36. 

Each tablet contains: PARAFLEX Chlorzoxazone 125 mg.; 

TyLenot Acetaminophen 300 mg.; and prednisolone 1,0 mg. 


precautions: The precautions and contraindications that apply to all steroids should 
be kept in mind when prescribing PARAFON WITH PREDNISOLONE. 


McNeil Inc Philadelphia 32, Pa. 
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